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ABSTRACT   
An improved information exchange is frequently proposed as one solution to
the inefficiency problems which the construction industry is suffering from to-
day. Such an improvement is very dependent of the use of information technol-
ogy, IT. To enable an advanced use of IT, there is a need for integrated project
communications frameworks and integrated industry wide information.

This thesis discusses how product models can be used to improve the informa-
tion exchange from design to construction. Today there are several approaches
to product modelling. Some researchers propose very detailed models whereas
others propose generic models with fewer concepts. In this area there is a close
connection between research and standardisation, which is carried out by or-
ganisations such as the ISO STEP committee and the International Alliance for
Interoperability.

To get acceptance for a standard proposal, it has to be accepted by both users
and standardisation bodies. Thus this research, in addition to the technical re-
quirements on information content and structure, also discusses success factors
for standardisation, implementation and usage.

In order to define important requirements on a product model for information
exchange between design and construction, current research, development and
standardisation in the field of product modelling was studied.

This thesis advocates a minimal approach in the number of concepts used in a
product model, in combination with an external building element classification,
following national industry practice. The minimal NICC schema, developed
during this research, was tested in a prototype and test study. Three applications
were tested: PreFacto (planning tool), Microsoft Project (time scheduling tool)
and Calc3(cost estimation tool). From the CAD-system MCAD, NICC files with
the building objects were created and transferred into a relational database from
which the three applications received their specific input files.

The results of the evaluation of the NICC schema and the test study demon-
strated that a product model based on few concepts can manage the required in-
formation exchange.

Keywords construction, product models, standardisation, minimal mod-
els, requirements, conceptual schema, thesis
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1 INTRODUCTION  

  

The research presented in this thesis addresses the question: ”How can 

product models be used to improve information transfer from design to 

construction?” This chapter gives an introduction to the current situation 

and problems in the construction industry in general, and Sweden in par-

ticular. It also presents the research goal and issues and the scope and fo-

cus of the research. 

     

1.1 Historical background to IT use in construction 

The first areas in construction for which IT, i.e. information technology, was 

used were technical calculations. Finite element analysis and beam, frame and 

truss analysis are examples of early applications. The systems were used for 

large and complex projects and the applications were run on main frames, with-

out contact with pre or post-processing software. The necessary input data were 

provided via punched cards or alpha numerical terminals without graphics, i.e. 

tele type terminals, very slow modems and telephone lines connected to service 

bureaus. The resulting output consisted of long paper lists with text and num-

bers only. In parallel, systems for financial accounting were introduced in the 

larger companies. These applications could only be run and understood by spe-

cialists and the results could only be presented for construction professionals af-

ter a considerable amount of editing.  

This was the situation when I entered the construction industry in 1975. The ex-

tent of IT use in construction was not much different from other industries. In-

formation technology (which at that time was usually called electronic data 

processing, EDP) was not strategic for the companies and was of interest only 

for a limited number of specialists.  

The mini computer had its peak period in the early 1980s and its position was 

first attacked by standalone workstations in the middle of the decade. Financial 

and administrative batch oriented systems needed the power of these mini com-

puters, and so did the leading CAD applications. Personal computers (PCs) 

started to emerge on the scene from around 1982, but were at first not seen as a 

potential platform for applications putting high demands on computational effi-

ciency, such as CAD. The applications for PCs were at that time neither attrac-

tive nor useful.  

During the early 1980s telex machines were used to communicate with com-

puters and thus received text could automatically be interpreted by several soft-
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ware systems. This useful functionality was wiped out when the telex was over-

taken by the fax in the middle of the 1980s, but the fax offered so many new 

advantages with its ability to transmit graphics and access to any office with a 

telephone, that it rapidly became the perhaps most valuable IT tool for construc-

tion during the whole decade. 

UNIX was a strong candidate as an operating system in many companies for 

technical applications. Several technical calculation packages were only possi-

ble to run, with efficiency, on mini computers and UNIX workstations. In my 

sphere of interest, CAD and time scheduling packages were, with advantage, 

run on this kind of work stations. 

At this time modems and various rented telephone lines with considerably 

higher speed than earlier equipment were introduced. This suddenly changed 

the way of working and actors within the same organisation and within different 

organisations became more independent. The work became more distributed 

and construction sites suddenly became reachable by digital communication to 

an acceptable extent. This made it possible, for instance, to use plotters on con-

struction sites around 1985. 

Still, it was the documents as originally formatted, rather than the information 

content, which was communicated. In other branches of industry, companies, at 

the end of the 1980s, started to adopt the ideas of capturing information about 

the products or components they were handling in more product data related  

formats. This facilitated the downstream manipulation of information. Thus a 

divergence between the construction industry and manufacturing industries 

emerged, as the construction industry did not show interest in a more product 

oriented approach. In most other IT application domains, with respect to interest 

and adoption, the differences were not so significant.  

From the middle of the 1990s easy to use graphical interfaces, cheap but never-

theless sophisticated software for universal applications like word processing, 

spreadsheets and data base handling, portable laptop computers, networking, 

electronic mail and the World Wide Web have had the same attraction and 

penetration in all industries. Personal computers for all purposes, also as servers 

and clients, are nowadays the mainstream of IT. In software development, ap-

proaches like object-orientation are more and more gaining ground, making 

software development increasingly efficient. Partly due to such techniques, 

software applications are becoming easier to integrate and install on different 

platforms. 

Now, suddenly, it seems that the construction industry has fallen behind other 

industries in the maturity of its IT use, in spite of the promising start during the 

1980s. 
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The central problem is one of integration. Integration of systems, integration of 

information and integration of users. The development of distributed systems, 

the movement towards object-orientation, and the need for interoperability are 

already starting to have a significant impact on the majority of industries. The 

construction industry still seems to be largely unaware of such issues. 

This is the situation today and the rest of this chapter addresses these issues and 

related problems. 

 

1.2 Issues to be resolved 

Some current problems  in the construction process 

The construction industry is often criticised for being ineffective [Teicholz 

1994], [European Commission 1994], [Birke et al. 1995]. The major problems 

are claimed to be high construction costs, poor quality and insufficient customer 

adaptation. In committees discussing national R&D initiatives for improving the 

construction process, there is an understanding that the construction process 

could be improved through major re-engineering efforts [IT Bygg 2002 1997], 

[BT 1995]. Large savings are predicted if changes are made in the process 

and/or in the technical aids used. In the report Construct IT, from the UK, the 

summary argues that IT can greatly assist improvements in the efficiency of 

construction activities [BT 1995].  

According to Teicholz [1994] possible causes of the current problems are in the 

lack of teamwork and integration among the project teams, inadequate attention 

to total quality management, low use of automation and inadequate tools for de-

sign. Weak project management and control are influencing most of the activi-

ties in the projects. This results in a low level of planning with re-work and time 

consuming activities as a consequence. Lack of co-ordination with respect to 

drawings and other documents, wastage of material due to incorrect deliveries 

and long storage are also consequences of shortcomings in project management. 

Other examples of this are poorly co-ordinated purchases, changes in the proc-

ess with re-design and re-construction as result and mistakes caused by insuffi-

cient control. This can be seen in the light of the fact that the “integration of the 

construction process through electronic sharing and communication of informa-

tion is not widespread at present” [BT 1995].  

The market has several possible candidate methods and tools for improvement 

of industry production and processes in general. The Design/Build concept, 

Business Process Re-engineering (BPR), Total Quality Management (TQM), 

Electronic Data Interchange (EDI),  Product Data Exchange and Product Data 

Management (PDM) are some well known and applied techniques in many or-
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ganisations world wide. This leads to the important question – why have the lat-

est techniques of IT and information management not been applied in construc-

tion to the same extent as in other industries – which are the barriers?  

Three important barriers which have been discussed by several authors are: 

 

1. Little incentive for defining long-term industry requirements 

The construction industry has had little international competition and thus lit-

tle need to invest heavily in the development of its processes. The lack of cli-

ent focus, due to fragmentation of clients, does not improve the situation and 

the pressure to change the process is low [BT 1995]. As a result it is difficult 

to define the long-term industry requirements [Tolman 1997]. Thus we do not 

really know, nor do we agree about, what information we shall manage and 

use in our software systems. This results in incompatibility of the fundamen-

tal information structures used by different applications for describing a 

building or aspects of it. One possible cause is the low level of education re-

garding IT and its potential to develop the industry [IT Bygg 2002 1997].  

 

2. Split responsibilities  

The building process is highly fragmented, with actors responsible for only 

parts of it. The interaction between them, i.e. information transfer, is gov-

erned by regulations regarding the contracts for building design, and they are 

centred around the conventional document oriented design paradigm [Haas 

1997]. Current requirements related to documents are satisfied to a large ex-

tent by conventional off the shelf software. The largest potential for improv-

ing the efficiency of the process might be seen in these boundary transitions 

[IT Bygg 2002 1997]. 

 

3. Temporary project teams 

The temporary structure of, and the large number of actors in, the project 

teams have made it difficult to agree on a common infrastructure, i.e. the 

means of communication [Burkett 1997]. This can be seen as the result of too 

little long term co-operation with strategic suppliers and other actors [Birke 

et al.1995]. The fragmentation of the industry, and the lack of teamwork fol-

lowing from that, results in an inability to establish protocols, i.e. standards 

for information exchange [BT 1995]. 
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Information exchange between design and construction today 

IT has so far been used mainly as a means of facilitating the production of tradi-

tional types of documents and has had limited impact on the information content 

of  the documents [Björk 1995]. There are definite gaps in the information 

chain, also in the part studied in this thesis, i.e. between design and construction 

phases of a construction project. Information is, to a large extent, still paper 

based, but the use of  digital representation and networks for communication is 

rapidly getting wider acceptance. In parallel, information structures are becom-

ing more formalised and thus suitable for more efficient computer processing, 

e.g. in  drawings using de facto standards for layering [ISO 1996], [BST 1996].  

One important factor in the formalising of information structures is classifica-

tion on national levels, as this, in many domains, defines common industry agre-

ements. Classification is important for the concept of the physical parts of the 

building on the level of e.g. walls, windows and doors. In the following text this 

concept is called building object. 

 

Future information exchange   

Future changes in the construction industry are driven by at least three forces. 

The first comprises company goals, which are to earn money and to make pro-

duction more efficient for future competition. The second comprises restrictions 

forced upon the construction industry by society, e.g. government legislation 

concerning recycling of materials in Sweden. The last comprises increasing 

demands from clients. Clients ask for higher quality and shorter lead times, cus-

tomised buildings and less harmful materials. Major clients could have an im-

portant influence on developments, for instance by using and prescribing the 

use of particular IT techniques and standards for the exchange of information 

[IT Bygg 2002 1997]. 

Future improvements in productivity and value-for-money will come from re-

structuring and managing the whole supply chain, which will change the roles 

of the actors and create a long-linked series of industrial processes, and a con-

cern with the total logistics of the chain [European Commission 1994]. More 

use of Design/Build and more partnering can also create greater integration and 

thus change the process [Teicholz 1994]. 

The production process can be changed by the application of philosophies for 

process improvements and/or through the use of new technology. These two 

factors can influence separately or in combination: 
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 Philosophies for process improvement are for instance: 

 - Just in Time (JIT) [Shingo 1984], [Yuan & Pheng 1992] 

 - Total Quality Control (TQC) [Shingo 1988] 

- Business Process Re-engineering (BPR) [Davenport 1993], [Hammer &  

Champy 1993] 

 - Concurrent Engineering [eds. Anumba & Evbuomwan1997] 

 - Lean Production, [Koskela 1992], [ed. Alarcón 1997] 

 

 Technical aids for the improvement or re-engineering of current processes in-

clude: 

 - Computer networks, e.g. LAN and wide area networks, the Internet 

 - Miniaturising of the hardware (laptops, mobile phones etc.) 

 - Data exchange standards, e.g. EDIFACT messages 

 - Document management systems 

- Product data technology, e.g. product modelling 

- 3D graphics for design and construction 

 - Multimedia, e.g. video conferencing 

 

To effectively implement any of these management philosophies one has to 

manage three generic types of information, which exist irrespective off whether 

they are in digital form or not. These are technical, commercial, and manage-

ment & control information [BT 1995]. In the following, examples are given of 

these three types: 

 Specification of shape and location of building parts in the building to be 

constructed (technical). 

 Order information, including prices, etc. for the prefabricated elements to be 

manufactured (commercial). 

 Schedules for the delivery and installation of the prefabricated elements 

(management & control). 

 

To support the exchange of these three types of information, digital data struc-

turing models can be used. As can be seen from the examples, the boundaries 

between these three types of information are not exactly defined. The necessary 
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models are all directly or indirectly dependent on information related to the 

parts of the building. This results in an extensive handling of a large number of 

information objects, especially in large projects and organisations, where the 

management can benefit from a well structured IT support.  

 

1.3 Statement of the problems 

Information management - the problem to study  

Information management constitutes a large part of the activities in the con-

struction process and improvements in information management are predicted 

to have a great impact on the overall process in the future [IT Bygg 2002 1997]. 

The common denominator for different technologies for improving information 

management is that most of them are more or less dependent on well organised 

and structured information in digital form for comprehensive success. This 

takes time to implement and achieve in an organisation. First, automation of ex-

isting manual activities and customisation of systems must take place. After 

that, links across department boundaries, file sharing, links across company 

boundaries and use of concurrent engineering and business processes re-

engineering can be utilised [Teicholz 1994]. In order to support comprehensive 

improvements, there is a need for integrated project communications framework 

and integrated industry – wide information [BT 1995]. Given the current situa-

tion in the construction industry in the UK, Sweden and many other countries, 

these improvements will take time. This is  due to: 

 The fact that the infrastructure for handling building object related informa-

tion is not ready.  

 The limited application of information management based on object-oriented 

exchange between design and construction, in and between organisations. 

 

The infrastructure 

The necessary infrastructure includes both the means of communication and in-

formation structures. Both have to be developed. We still have to agree on what 

our semantic models (information structures for building information) should 

look like [Tolman 1997]. There have been a number of attempts to develop and 

standardise such models on different levels of applications. Many countries 

have classification systems, but they usually differ from country to country both 

in scope, details and coding. They can nevertheless be very useful inside a 

country like Sweden, where the BSAB system is a de facto standard for classifi-

cation in the whole Swedish construction industry [Svensk Byggtjänst 1987].  
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ISO is now trying to develop a common framework for classification of con-

struction related information, which still is at the committee draft stage of inter-

national standard CD [ISO/TC59 1997]. The standard proposal is at a very high 

level, e.g. it defines generic concepts such as building objects, activities and re-

sources as well as the interdependencies between these. To this framework, 

when it is ready, national classification systems can be attached and used at the 

more detailed levels. 

Today, the applications supporting design do not need to be interoperable with 

those supporting construction and construction planning, but movements like 

Design/Build will demand/encourage this type of integration [Eastman 1997]. 

The infrastructure for data sharing with downstream applications has not yet 

been created [Storer 1997]. The problems in sharing information are caused by 

differences in types of data, levels of detail, scopes of data, data formats and 

naming conventions [Teicholz 1994]. The existing data models cover only sub-

sets of the total requirements for the construction industry [Forester 1997].  

Today the actors in the construction industry use a great number of different 

media in an unstructured way which lowers the efficiency of the process and 

limits access to relevant and current information [IT Bygg 2002 1997]. At the 

same time, there is a need to describe the building and its parts as products with 

multiple qualities. To make this description requires common concepts for the 

description of standardised building objects, spaces and relations in between 

them [IT Bygg 2002 1997]. 

 

The information management 

In the current practice for information transfer between design and construction  

the dominating part of the information exchange is in the form of 2D drawings 

produced using CAD applications. Existing software for CAD, used in everyday 

work, is not developed for managing objects on the building object level and 

there is little use of links between CAD and the construction process applica-

tions [Teicholz 1994]. 

The awareness of the future possibilities offered by object related information 

management is not high among the actors in the construction industry. It is dif-

ficult to get users to feed computer systems with information which they do not 

perceive to be of immediate use. Most of the end users of applications do not 

have a broad understanding of information management in the over all organisa-

tion. There is also very little knowledge among the users regarding product 

models and the advantages product data technology could offer, thus preventing 

them from stating requirements which could act as a driving force for develop-

ment and standardisation work. Only a few companies have IT strategies and 
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board members responsible for a corporate IT function [Wikforss 1993], and 

only seldom do these strategies explicitly take account of product data technol-

ogy.  

With this background and the need for information exchange, the emerging 

technique of product model based information exchange is generating increas-

ing interest in the research community as well as in some industries. A product 

model is a digital representation of the building where the information is strictly 

structured according to a number of common agreements, see chapter 4.1.  

These agreements are often stored in a conceptual schema where concepts are 

defined and related to each other. The data is then stored and communicated ac-

cording to the schema. 

In the research community there have been, and still are, several different ap-

proaches to product modelling. Some propose very detailed models whereas 

others propose more generic models with fewer concepts. In this area there is 

close connection between research and standardisation. On-going standardisa-

tion work in this field includes: 

 The ISO development of  the STEP (Standard for the exchange of product 

model data) standard [ISO/TC184/SC4 1993a] with some parts related to 

construction.  

 The efforts of the IAI (International Alliance for Interoperability), which was 

founded in 1995 [IAI 1996], and is developing so-called Industry Foundation 

Classes (IFC). It released version 1.5 of the IFCs, which aims to cover the 

whole building and its parts, in 1997 [IAI 1997]. 

 

1.4 Introduction to the research - aim and objectives 

As mentioned above, there is a question whether a generic and small schema or 

a more extensive and larger one is the best alternative to structure and exchange 

information. Although both have their positive and negative sides this thesis 

analyses the minimal approach, i.e. a generic and small schema, as the prime al-

ternative. 

This choice is based on the early work carried out during the problem formula-

tion in this study and is also based on the authors own experience with data ex-

change. The principle can be described as:   

A generic ”minimal” conceptual schema based on a small number of common 

concepts and on industry practices for building element classification, meas-
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urement and transfer, can fulfil the information exchange requirements of the 

construction companies. 

This shall be seen as a starting-point and a proposal for the definition of possi-

ble information structures. 

 

Research goal  

The introduction in section 1.1 has highlighted the need to improve the produc-

tion process. One way of doing this can be to support the information manage-

ment process with precise and relevant information concerning the individual 

parts/elements of the building. To build models of real world objects directly 

rather than of their indirect representations, i.e. in the form of drawings, can be 

the way to integrate information, though few of the software tools today can 

readily support this [Storer 1997].  

 

The first research goal of this study was to: 

Capture the requirements of construction companies concerning information 

exchange from designers, in order to support a more cost efficient construction 

management process. 

 

The second research goal was to : 

Study success factors for IT standardisation and identify critical factors for 

successful standardisation, implementation and use. 

 

Based on the above goals the third research goal was: 

Define an information structure which can fulfil:  

 the information exchange requirements of construction companies 

 the requirements for successful standardisation, implementation and use 

 

The second part of this third goal is important, because it means that the infor-

mation structure also has to take into account the requirements (and restrictions) 

posed by the upstream activities (standardisation, commercial software devel-

opment) which will be needed to deliver the final data exchange functionality to 

the designers and construction companies. 
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Projects within which the study was conducted  

Earlier work in Sweden including the MCAD project, [Paulsson et al. 1990] has 

laid the foundation for an object-oriented view of the elements of design and 

construction. Another significant input to the work was the long Swedish tradi-

tion of industry practice regarding classification of building objects and produc-

tion results. The BSAB system [Svensk Byggtjänst 1987] and its predecessor 

SfB have guided the construction industry in the area of classification for dec-

ades.  

The thesis research started with the project NICC I, Neutral Intelligent CAD 

Communication [Tarandi 1991], when the first steps in Sweden towards a file 

format for managing building objects were taken. After that NICC II [Tarandi et 

al. 1994] started and in parallel a KTH project of Product Modelling for Con-

struction carried the research forward. 

 

1.5 Research methods   

Background to research methodologies  

Scientific research can be divided into two main branches: empirical and non 

empirical [Hempel 1969].  

Empirical research relates to (tries to survey,  to describe, to explain and fore-

see) events in the world we live in. Propositions are only acceptable if they are 

methodically supported by empirical facts (experiments, observations, inter-

views etc.). Non empirical research is not dependent of empirical fact. In logic 

and pure mathematics propositions are proven without referencing empirical 

observations.   

The empirical sciences are often divided into natural sciences and social sci-

ences, without a clear dividing line. Among the natural sciences one finds phys-

ics, chemistry, biology etc. and among the social sciences there are political sci-

ence, anthropology, economics, history and related disciplines. 

The development of new technology incorporates parts that relate both to natu-

ral sciences and social sciences. On one hand research methods from natural 

sciences such as physics and chemistry can be applied to the testing of new 

technology (i.e. new building materials). The development of the technology in 

fact depends often on applying principles from natural science. On the other 

hand several impacts of using new technology in production processes can be 

studied using methods from the social sciences (for instance the processes of 

setting official and de facto IT standards).  
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The subject area of this research, standards for product data exchange, is an area 

which can draw upon research techniques and results from many different dis-

ciplines of applied science. These include systems theory, classification theory, 

cognitive science, management science, microeconomics and database theory. 

In the following some similarities to a field of research of particular interest be-

cause of its building context, design methodology, are discussed. 

 

Methods for product model based research 

The process of defining product model standards can be seen as similar to the 

design process. Design is to manage problems about artefacts regarding the 

formulation of shape and characteristics, manufacturing and usage. An artefact 

is an artificial, man made thing, a product. Also abstract phenomena like infor-

mation systems can be called products [Lundequist 1995]. 

The purpose of building design is to propose a potential artefact which meets 

the requirements imposed by the client, construction technology etc. and which 

is subsequently built and taken into operational use for some human activities. 

The purpose of the process of defining a building product data model is to pro-

pose a data structure which meets the requirements for data exchange imposed 

by the process participants and which is subsequently implemented in computer 

applications and taken into operational use for data exchange activities. Thus 

both result in models, which subsequently are implemented. In both cases the 

measure of how good the model is depends totally on how well it meets the re-

quirements imposed on it. The models cannot, as in several other sciences, be 

compared to an existing real life system for validation, but only to the require-

ments imposed.  

The building design process can be divided into:  

 product definition (investigation, program writing, architectural design, 

structural design …) 

 product manufacturing (manufacturing and the planning of this) 

 product usage (the use, service, maintenance and the planning of these activi-

ties) 

 

The methodology in design and product development is based on modelling and 

simulation. The model represents an aspect of reality, an interpretation, an ideal-

ised description. The concepts model and system are related. A system is the 

part of reality which is to be analysed and a model is the representation of this 

system. The system influences and is influenced by its surrounding. It is the 
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purpose which decides what is to be seen as a system, components and sur-

rounding.  

One method used for this kind of model and system related research & devel-

opment is system analysis.  

 

A system analytical methodology 

System analysis has been described as a methodology for description, analysis 

and planning of complex systems [Gustafsson et al. 1982]. A system can be 

seen as a part of the studied reality. The system analytical methodology has 

three main characteristics: 

 the system idea – a well-defined system is studied 

 the model concept – analysis and problem solving is done based on a model 

of the system 

 the system analytical project – a general, cross disciplinary work process 

 

The steps of a system analytical project contain the following activities 

[Gustafsson et al. 1982]: 

 Problem awareness – The research question is defined and an overall model 

of the system and problem is created. 

 Problem formulation – The studied system is defined and the problem is 

formalised if possible.  

 Modelling – A model of the studied system is constructed to solve the prob-

lems formulated. The models are often quantitative and formalised. In the 

product modelling case it is the conceptual schema which is defined, i.e. the 

structure of the model. 

 Validation – The model, i.e. the conceptual schema, is tested according to 

validity and relevance.  

- Comparisons between model result/data and the corresponding in the real 

system 

- Sensitivity analysis 

- Heuristic methods where a number of experiment results are evaluated by 

experts in the domain of the studied system 

 Problem solving – The studied system is analysed, and/or the problem is 

solved, using the constructed conceptual schema with support from tech-
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niques which the system analysis can offer. In this case this meant informa-

tion exchange based on the schema. 

 Result evaluation – The obtained results are tested for accuracy and rele-

vance in relation to the original goals and assumptions. One way for doing 

this is presented below, where the Charette method is described. 

 Result presentation – The results from problem solving are summarised and 

are compared with the original problem formulation. 

 Implementation – The solution is established in practice. It is implemented 

in reality, if it is a purpose of the research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1.  The system analytical project [Gustafsson et al. 1982]. Boxes 

represent steps of activities and the arrows represent the alter-

native routes to take. Data stands for data acquisition. 

 

In some of the activities, data are captured through interviews, questionnaires, 

measuring, literature etc. 
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The Charette method 

The way of executing tests can effect the acceptance of research, especially in 

the case of more theoretical kind of research like data modelling [Clayton et al. 

1997].  

Many research projects are completed without presenting real evidence for the 

results being usable and also an improvement over a conventional process, often 

due to lack of money and resources. The normal argumentation can be grouped 

into logical argument, a worked example, a demonstration or a trial [Clayton et 

al. 1997]. Although the trial can be very convincing that the software works, 

there is little or no evidence that the use of the developed IT system is an im-

provement of the conventional process.  

The Charrette Testing Method [Clayton et al. 1997] produces evidence of im-

provements in two ways:  

 direct comparison of alternative methods using independent evaluators  

 putting the emphasis on practical effectiveness of research applications 

 

The test compares the productivity of a conventional process with that of an in-

novative process. The tasks are described for the two processes, the conven-

tional manual based and the innovative computer based. The researcher must 

formalise the conventional process to an extent that allows measurement. 

 

1.6  Research approach in this thesis 

An overview of the research work reported in this thesis is illustrated in figure 

1-2. The diagram is in IDEFØ notation, which is a graphical process analysis 

technique [ed. Mayer 1994]. IDEFØ is based upon a modelling technique 

known as the Structured Analysis and Design Technique (SADT). 

The more detailed phases, activities, of the research are shown in figure 1-3 and 

also described in the text below.  
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Figure 1-2. The research approach illustrated in an IDEF0 diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3. The phases of the research approach and their relations. 
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The phases can be classified using the steps proposed above for a systems ana-

lytical approach by Gustafsson et al. [1982] as follows: 

 

Problem awareness 

The background to this study was research and development within information 

exchange in construction, primarily dealing with data transfer from design to 

construction. During the period 1985 to 1990 projects like the MCAD project 

(Material take off CAD) were carried out in Sweden [Tarandi 1988], [Paulsson 

et al. 1990]. This gave experience and understanding of the studied system and 

also the first idea of the model. 

 

Problem formulation 

The ideas and issues from the MCAD work and the use of CAD in design for 

construction were brought into the next research and development project, 

NICC I [Tarandi 1991]. NICC I can be seen as the first phase of this research 

project. The problem was defined, structured and formalised in its first version.  

In section 1.4 the research goals are formulated and also the system, i.e. part of 

reality, to study is delimited.  

 

Modelling  

The modelling started with the NICC II project 1991 [Tarandi et al. 1994]. At 

this time influences started to come from product modelling research and the 

work was influenced by ideas regarding: 

 Minimal Approach [de Vries 1991] 

 Information exchange based on industry practice  

 Simplified geometrical representation  

 

The conceptual schema of NICC II had some parts described in written text or 

built into classification conventions etc. These parts had to be further devel-

oped. The modelling work at this stage consisted of: 

1 Study of relevant research and development  

- the current state of information exchange in construction (chapter 2) 

- how standards can be established in general (chapter 3) 

- information exchange structures and product models (chapter 4) 
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2 Definition of a proposal of the functional requirements for the conceptual 

schema for design to construction information exchange (chapter 5) 

3 Completion and description of the proposed conceptual schema of NICC 

(chapter 6). In this work product data technologies such as conceptual model-

ling tools were applied. 

 

Problem solving 

The problem solving was done through development and test of a software pro-

totype, based on the proposed conceptual schema, in a test study (chapter 7). 

 

Validation and result evaluation 

In this research, validation of the model was carried out after the problem solv-

ing, on the basis of the results from the problem solving. This made it easier to 

test the model and validate it as no extra software and data capture was needed. 

The validation of the model and the result evaluation of the problem solving are 

presented in chapter 8. The validation of the model, i.e. the proposed conceptual 

schema, was carried out partly on the basis of the functional requirements from 

chapter 5. The aim of the validation was to decide whether the model was useful 

for its purpose.  

The obtained results from the prototype and test study were evaluated both for 

usefulness as input to application software and for completeness.  

 

Result presentation 

In the conclusion chapter 9, the results from the problem solving using the pro-

totype and test case are compared to the research goals from chapter 1.  
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2 CURRENT STATE OF INFORMATION EXCHANGE IN 

CONSTRUCTION 

 

The area of interest of this study is the design information which is needed 

for production management. The information is exchanged during the con-

struction phase of the building process. This chapter discusses the current 

state of information exchange in construction.  

 

2.1 Analysis of the Building Process 

This thesis focuses on information exchange between design and construction, 

with the main emphasis on information related to building objects. The process 

of information exchange between such activities has been studied in several 

European research projects including ATLAS [Tolman et al. 1994], ELSEWISE 

[ELSEWISE 1997], CONDOR [Rezgui et al. 1997] and CONCUR [Storer & 

Los 1997]. Views on and combinations of these process activities for specific 

purposes are also described by a number of authors [Luiten 1994], [Choi & Ibbs 

1995], [Karhu et al. 1997]. 

Information flow or activity diagrams are becoming more and more important 

for defining the scope of software applications and research projects. In the ISO 

STEP development of Application Protocols (AP), see chapter 4, a pre-requisite 

is to have the scope of the information exchange included in the document 

[ISO/TC184/SC4 1993a]. In most of the cases the information flow diagrams 

are in the IDEFØ notation, see section 1.6. 

The information content in the information flows between the activities in the 

building process is representing relevant parts of the building. A building can 

be described as a structure of objects with characteristics and relations to each 

other. These descriptions are today based on national classification systems, like 

the BSAB system in Sweden, where object hierarchies, granularity and relations 

are specified [Ekholm 1996]. On an international level there is now an ISO 

standard in preparation which will define a framework for classification of in-

formation about construction works [ISO/TC59 1997]. In that framework the 

main classes for construction results, i.e. results of construction activities, are 

ranging from construction complex (e.g. airport) via construction entity (e.g. 

building) to construction entity part (e.g. wall).  

The design and construction phases of the overall construction life-cycle proc-

ess have in the following been analysed and broken down into five main activi-

ties, see figure 2-1.  
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Figure 2-1. Generic process of designing and constructing the building.  
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drawings, specifications and bills of quantities/material. Many of these docu-

ments are parts of the contractual agreement, e.g. bills of quantities, which regu-

late the financial commitments.  

In the following text the concepts explicit and implicit information are used 

from the viewpoint of computer applications, i.e. if the software can automati-

cally read variables as input from an exchange file or a model, or if the informa-

tion has to be derived using e.g. specific algorithms. The implicit information 

can be hidden in e.g. graphics, text or geometry. If a wall is described by 8 cor-

ner points with x, y and z co-ordinates the thickness is implicit. On the other 

hand, if the length, height and thickness are given explicitly for a wall the ge-

ometry can be seen as implicit.  

Today much of the information exchanged is neither formalised nor explicit. In 

addition much of the information is not in digital form. Examples of formalised 

and explicit information are bills of quantities, purchase orders, room schedules 

etc. Non formalised and implicit information could be quality requirements on 

specific building objects, drawings of joints between slabs, assembly instruc-

tions such as text etc. To be able to improve the information exchange and us-

age, there is a definite need for formalising and making important information 

explicitly stated according to a structured description, of course in digital form. 

The information regarding specification (materials & workmanship) and build-

ing design (drawings) are important outputs from the activity “design the build-

ing” and are subsequently used as input for the “manage the construction of the 

building” and the “construct the building” activities. This information is gener-

ated during “schematic design” or “detailed design”, see figure 2-2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2. Activities and information flows for ”design the building”. 
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The information is implicit in the sense that the actual information content is to 

be interpreted by humans, from the drawings and specifications. Building object 

geometry information can be found in the drawings as graphical entities and the 

material and requirements on the workmanship can be found in the specifica-

tions as text. This information functions as the control information for down-

stream activities. All information about quantities, material and location can be 

found explicitly as text in a dedicated document or be derived from the building 

design implicitly represented in the drawings, specifications and other docu-

ments. 

In the following figures 2-3, 2-4 and 2-6, the activities of ”manage and control 

the construction of the building” are broken down to the details of “material 

take off”. From the activity ”make cost estimation” important information for 

scheduling,  planning and procurement is generated as well as for other down 

stream activities, see figure 2-3.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3. Activities and information flows for ”manage and control the 

  construction of the building”. 
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of construction management if the price or delivery times are not acceptable. If 

alternative methods or resources do not result in a purchase this information is 

sent as feedback information to the over all activity. 

The material take off, which is done several times in a project at different points 

in time [Paulsson et al. 1990], results normally in aggregates of quantities per 

location, i.e. floor or other named parts of the building. The building objects  

are not treated individually as the down-stream applications do not support this 

kind of information structures. Figure 2-4 illustrates how the chosen methods 

together with accompanying resources and activities result in resource quanti-

ties and prices, production activities and a budget for the procurement activity.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4. Activities and information flows for ”make cost estimation”. 
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Figure 2-5. Example of quantity rules not using the geometry boundaries. 
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Figure 2-6. Activities and information flows for ”make material take off”. 
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2.2 Information Transfer between designers and contractors 

A concrete scenario of the current practice of information exchange between 

design and construction, which illustrates the issues discussed above, can be de-

scribed as follows:  

Today, construction companies receive drawings, specifications and sometimes 

bills of material/quantities from the designers or via quantity surveyors. These 

documents are mainly in paper format, although they have often been produced 

with computer support. The construction companies do not usually demand or 

insist on having the documentation/information in any special format other than 

what is specified in the traditional regulations governing the relation between 

designer and constructor.  

The architect produces the drawings using a 2D CAD system. Components like 

doors, windows and columns are treated as graphical symbols and brought into 

the drawings from libraries. In most CAD systems, these building objects are 

only implicitly represented through the drawing graphics. From the designer, 

the drawings are sent to construction companies for tender in paper or (excep-

tionally) in electronic form. The quantities are taken off from the 2D graphics, 

more or less manually by each company. Computer tools can be used to partly 

facilitate this, for instance using digitising tables. From the take off the quanti-

ties are input into the cost estimation system. The costs are calculated and the 

result is manually interpreted and changed into activities, which are once more 

typed into the computers, this time into a time scheduling system.  

When the bidding has finished, the selected contractor has to carry out a new 

production cost estimate as resources and time are incorporated into the calcula-

tions. This requires a new quantity take off as the element division might be dif-

ferent from the one used in the bidding calculations. As the design is likely to 

be revised, the contractor will get new versions of the drawings from the archi-

tect and will have to do new quantity take offs based on these revisions. As 

there is usually no explicit identification of the individual building objects, ei-

ther in the CAD system or in the cost estimate system, a revised batch of data 

will have to be treated as if it was completely new for the current system. This 

type of quantity take off, which is followed by output from and input to com-

puters, is carried out a large number of times for various purposes and with hu-

man interpretation every time. 

Consequently a lot of overlapping work is carried out today, and at the same 

time potentially very useful tasks, such as analysis and simulation of alternative 

plans, is not carried out because of the efforts involved in generating the neces-

sary input information. Some examples of overlapping work include: 
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 When tendering - several companies are carrying out the same quantity take 

off. 

 After getting the contract - the cost analysis is repeated by the contractor 

based on a new quantity take off. 

 When planning the work  - new quantity take offs are carried out for each 

planning phase. 

 

Some help with the integration of information from different sources is pro-

vided by classification systems for building objects. This enables references 

from building objects in drawings to corresponding specification clauses and 

bills of quantity items. In Sweden the BSAB system [Svensk Byggtjänst 1987] 

for functional building object and product classification plays an important role. 

Most national Swedish systems for specification and cost estimation are based 

on it or are using it as a back bone. 

Today changes are coming, as a result of the proliferation of network technol-

ogy etc. One example is the Swedish National Road Administration project the 

Stockholm Ring Road, where the tender drawings were sent to the constructors 

on a CD-rom. In that case the mode of distribution had changed from paper-

based to digital. The information content was however not changed. The infor-

mation was still in the form of CAD-files and textfiles which needed to be 

printed by the receiving companies. 

Communication in the construction industry today does not lend itself well to 

automated computer support [Luiten 1994]. Luiten argues that the integration of 

design and construction has not really changed, and that computer applications 

need information with more explicit semantics. Today, there is very little infor-

mation which is explicitly defined among all that is transferred. For information 

to be explicit there is a need for formalisation. Drawings contain many exam-

ples of implicit definitions, which the receiver has to interpret. Computer inter-

pretable communication requires agreements based on standards, preferably in-

ternational, and these are very difficult to realise due to the number of countries 

and individuals involved.  

The product related information types transferred from design to construction 

are the following, see figures 2-1, 2-2, 2-3, 2-4 and 2-6: 

 drawings (building elements, shape and location) 

 specifications (materials & workmanship) 
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The drawings and specifications are interpreted on the level of individual build-

ing objects and aggregated complexes like the whole building. The specifica-

tions are not directly linked to the building objects today. They are separate 

documents or in some cases also expressed through the type concept, i.e. the 

building object is of a certain type which the receiver has to reference from the 

specifications document.  

There is often a long chain of reasoning to arrive at for instance the information 

about how a particular wall should be constructed (Identify two parallel lines as 

a symbol for walls or look at the layer attribute to check what the symbol de-

notes. Then see what wall type symbol is written in the drawing in connection 

with the wall. Look in the specifications document at the section pertaining to 

walls and find that wall type. In the text there might be a reference to national 

master specifications which will contain the actual information). 

The information typically needed for the building objects in table 2-1 is explicit 

or implicit, i.e. it is either directly stated or can be derived if other complemen-

tary information is available. The break down of the building object into its 

production results is traditionally not done by the designer, see chapter 6 & 7. 

 

Table 2-1. Information types for building objects sent from a designer to 

  a contractor today in implicit or explicit form.  

BUILDING OBJECT 

information type value example comment 

object class partition wall  

functional code, i.e. BSAB P2- 

code 

363 363 = partition wall 

type W1 wall type 1 

geometry shape type, co-

ordinates 

some 3D artefacts are sup-

ported in software applica-

tions 

quantity type    gross area not supported in software 

applications 

quantity unit m
2
  

quantity value 572.5  

location Floor 4  

status new  

 

This result can be compared with the findings in a study of information flows in 

American process plant projects [Choi & Ibbs 1995], where the detail engineer-
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ing output to the constructors activities (detail estimating, detail scheduling and 

procurement) were: 

 design documents (drawing/model) 

 material specification 

 construction specification 

 system start-up and operating procedures 

 bill of materials, BOM  

 

An important factor in the information flow discussion is the level of compe-

tence and ambition in the participating companies. In the construction industry 

the combinations of participants are different from project to project. Although 

some efforts are made today by contractors and construction management com-

panies to work together taking a longer perspective with suppliers, designers 

etc. [Birke et al. 1995] there are still problems with the lack of common con-

cepts and standards for information exchange. 

The willingness to participate in networks of organisations to achieve a more ef-

ficient information flow is dependent on several factors. The individual actor, 

e.g. a company, participates in a number of networks. To maintain and possibly 

strengthen his position in the networks, the actor must possess knowledge and 

show ability and have access to some production resources. The actors co-

operate through relations in the network. On the basis of the content of the rela-

tion, three types of industrial networks can be identified [Håkansson 1992]: 

 Influence network - where a group of companies have become the natural co-

operation partners for a company which itself chose the partners. 

 Communication network - where the companies can benefit from co-

operation with others because of communication advantages. 

 Knowledge network - where the companies have to formalise a major part of 

the information which is transferred between the actors. 

 

The influence network is the strongest type of network in the construction sec-

tor because of the strong project orientation in the construction process. Knowl-

edge networks could have been a strong alternative, but the limited use of ad-

vanced design tools in the companies, make them weak with few actors. The 

type of network existing among a group of companies will influence the appli-

cability of successful information exchange.  
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One conclusion is that, when access to specialist knowledge will be a crucial 

factor, the knowledge network will be important to participate in. The commu-

nication in such a network, to utilise the specialist knowledge, will probably be 

based on a common and well defined and structured set of information. 

 

2.3 Organisational influences  

Also new alternative methods of production, where the organisations divide 

tasks and responsibility differently compared with today, will need the basic in-

formation about the building objects. At some point in time there will always be 

need for planning, cost estimation, logistics etc. independently of organisational 

form. Applying management philosophies like Business Process Re-enginee-

ring, BPR, with a particular information technology like product data manage-

ment, is mentioned here as it is an example of approaches that can benefit from 

the availability of reliable and consistent business data. 

The problem of how to change the process and the way of organising the work 

is constantly in focus when discussing methods or methodologies. One of the 

best known is the New Production Philosophy [Shingo 1984], also known by 

several different names like World Class Manufacturing, Lean Production and 

New Production System. 

The New Production Philosophy consists of a lot of different ideas and tech-

niques. The best known methods are Just In Time [Shingo 1984], [Yuan & 

Pheng 1992] based on the idea from Toyota in the 1950s and Total Quality 

Control [Shingo 1988].  

This new philosophy has made a substantial impact on other industries, in par-

ticular on the mechanical industry. It is based upon the fact that there are con-

versions and flows in all production systems. According to this philosophy, 

only the conversion activities add value to the material, or piece of information, 

that is converted into a product. This indicates that flow activities should be re-

duced or eliminated, and the conversion activities should be made more effi-

cient. 

According to the New Production Philosophy view, a construction project con-

sists of three basic flows [Koskela 1992]:  

 design process 

 material process and work process  

 supporting flows  
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Thus, for the earlier example of data exchange between design and construction, 

the categories of value-adding and non value-adding work provide the means to 

define objectives for changing the process. The objective must be to minimise 

or get rid altogether of all non value-adding work, such as parallel (by different 

companies) or repetitive (by the same company) quantity take offs. Product data 

technology could provide the technical means to achieve this objective. 

 

2.4 Conclusions on current methods for Information Exchange be-

tween design and construction 

The product related information transferred from design to construction is, in 

current practice, communicated as drawings and specifications. In these docu-

ments, the individual building objects and their properties are to be found only 

implicitly, i.e. the graphics and other related information has to be interpreted 

by humans, manually or with some limited computer aid. Central problems in 

today’s practice which this study has tried to find solutions for are: 

 A substantial part of the information about building objects is only implicitly 

shown in the documents, necessitating human reasoning to reconstruct it, in 

spite of the fact that the information already has been defined once by the de-

signers. 

 The manual process of quantity take-off is quite error prone, which can lead 

to substantial errors in cost estimates and bids. It can also lead to the waste 

of materials. 

 The same quantity take-off is done several times in parallel by different con-

struction companies wishing to bid for the project. 

 Quantity take offs are done several times in sequence by the company which 

is awarded the contract, necessitated by slightly differing sorting principles, 

breakdowns and measurement rules at different stages of the process. 

 Changes in the design may lead to complete repetition of the same quantity 

take-offs, since the information about individual elements is often obscured 

in the applications doing cost estimation etc. This makes it difficult to isolate 

the influences of changes. 

 

All in all the current process seems to contain a lot of non-value adding, repeti-

tive and error-prone work.  
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3 SUCCESS FACTORS FOR IT-STANDARDISATION  

  

In this chapter the parts of IT and standardisation related to networks are 

analysed. Product modelling is a network technology in the sense that the 

models are used to enable communication and the benefits are dependent 

on how many others are using the models. The question is how to reach 

success with standardisation, in particular with product models. In other 

words, how should a product model be structured in order to be accepted 

as a standard and used in implementations.  

 

3.1 Background to Standardisation 

A philosophical point of departure when discussing standardisation is the char-

acteristics of reality. Berger and Luckman [1967] argue that reality is socially 

constructed, that is, the concepts and knowledge a person uses depends on his 

place in society. In this reality, life appears as already objectified when one is 

entering it and the language used in everyday life continuously provides one 

with the necessary concepts. These concepts are defined by human activities 

and, if useful, become accepted as real in smaller or larger groups in society. 

The concepts have become institutionalised. 

To maintain the acceptance of concepts that have been institutionalised, legiti-

mation is needed, i.e. someone, a legitimation body, has to defend the meaning 

and understanding Berger & Luckman 1967. This is especially important 

when the knowledge, in this special case standards, is to be transmitted to a new 

generation or group of persons. 

Different social groups exist in different spheres of reality. This means that a 

social stock of knowledge is constituted for each of these sub-universes, more 

or less specific for each kind of occupation. People have only very vague know-

ledge of the occupational world of others. 

New concepts are preferably related to existing concepts in the sub-universe to 

give them a shared meaning. In figure 3-1, the growing reality of role specific 

sub-universes is shown for some roles in the construction industry. The reality 

of everyday life for construction people is larger in terms of concepts than for 

people in general, and the common reality for architects is even larger. Concepts 

for the realities in figure 3-1 can be: Everyday Life - Building, Construction - 

Building object, Architecture - Spatial configuration, Structural design - Shear 

force, Contractor - Construction recipe. 
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Figure 3-1. Concepts in the reality of everyday life versus role specific. 

 

Humans can compensate lack of exact understanding of concepts by using their 

intellect and make assumptions depending on the context. Computers need ex-

plicit definitions, e.g. through standardisation. 

Two different methods can be distinguished for information sharing between 

applications with different internal data structures. One is the use of direct 

translation from one structure to another. This was the situation when CAD was 

introduced and this meant that new translators had to be programmed for each 

pair of CAD systems that wanted to share information [Tarandi 1991]. The 

other method is the use of standards, de facto or de jure [Libicki 1995] as inter-

mediate formats, necessitating only one pre- and one post processor per applica-

tion. One example of such an intermediate format is the DXF-format for CAD 

graphics which has become a de facto standard. DXF has in practice become 

much more widely used for CAD data exchange than the formal IGES-standard, 

which was explicitly designed for this purpose by standardisation bodies. 

Earlier, during the manual era there was less need for standards for structuring 

information transfer, since there were always human receivers interpreting in-

complete and non-standardised documents. Bills of quantities and other lists of 

activities, products etc. were not so detailed and companies could be content 

with stand alone systems.  

Today there is a possibility that integration can be achieved on the basis of in-

formation standards commonly agreed by developers on the basis of clearly ex-

pressed industry requirements [Storer 1997].  
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3.2 The Standardisation Process 

Without standardisation much of the potential value of information technology 

will not be realised. In this work the actors involved, national governments, 

firms and industries definitely have conflicting goals, and the market mecha-

nisms do not provide sufficient assurance that the best technology standard will 

prevail or that an obsolete one will be replaced in good time [OECD 1991]. 

The acceptance, or perceived likely acceptance, of a standard will affect not 

only end users’ decisions about acquisition of soft- and hardware, but also pro-

ducers’ beliefs about the value of developing and marketing technology based 

on such standards.  

The traditional approaches to standardisation followed models set for earlier, 

major technological infrastructures, and were characterised by various forms of 

central control based on standards. At that time there were few but strong ac-

tors.  

The nature of standardisation efforts in IT has changed today as a result of a 

number of developments [OECD 1991]: 

 The increasing integration between developments in IT and in telecommuni-

cations. 

 The importance of individual PCs and the need to link them within networks. 

 The growing diversity of peripherals and software.  

 The rising demands of users for compatibility and inter-operability. 

 The globalisation of IT and the market for IT products. 

 

Today there is a need for new ways of making standards and interfaces, which 

defines performances to be achieved at different levels (or layers) of technical 

systems, and retains important degrees of freedom in deciding how the stan-

dards will be met [OECD 1991]. One very well known example of this is the 

layered approach in OSI (Open Systems Interconnection model) [Zimmerman 

1980]. 

It is possible to identify critical variables which explain the relationship be-

tween standard setting and technology acceptance [Morell 1994]. To study this, 

Morell has described a model of standard setting where these critical variables 

can be meaningfully grouped into four domains: acceptance of standards, the 

standard setting process, market structure and vendor strategies, and the char-

acteristics of technology, see figure 3-2.  
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Figure 3-2.  Model of the standard setting process [Morell 1994]. Arrows 

show influence directions. 

 

In the model, which can be applied to all levels of standardisation, the charac-

teristics of reality influence all the activities. The levels of standardisation can 

be formal standards, de facto standards or solutions which become wide-spread 

Libicki 1995.  

 

 

3.3 The Success Factors 

The success of standardisation is dependent on many factors with various de-

grees of impact. Some of these factors have to do with the state of the technol-

ogy and the market structure at the time when standardisation commences, some 

with the activities involved in the creation of a standard, others with the stan-

dards acceptance and technology acceptance stages. The weight of each factor 

is different from case to case and there is also a question of timing.  

Based on literature studies and the author’s own experiences from involvement 

in Swedish national and international standardisation the following success fac-

tors, see also table 3-1, have been identified as important and critical:  

 

Characteristics of Reality 

 Concepts are based on the objects in the reality of everyday life 

As new concepts are defined, and thus objectified in a group of society, they 

have to be based on the common stock of concepts already in use by that 

group [Berger & Luckman 1967]. The alternative to define and agree on new 

Characteristics
of Technology

Market
Structure

Vendor
Strategies

Standard Setting
Process

Standard
Acceptance

Technology
Acceptance
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concepts without relating them to common concepts is difficult, time con-

suming and sometimes not possible.  

Positive example: The use of  the ”trash-can” icon in most modern graphical 

user interfaces to symbolise the deletion of files. 

Negative example: Many of the commands used in earlier operating systems 

such as UNIX and MS-DOS were difficult to learn due to a lack of associa-

tions to every-day life concepts, e.g. CTRL P for deletion in UNIX. 

 Legitimation bodies are continuously promoting and keeping the con-

cepts alive 

The legitimation of concepts, that are in line with the current code of prac-

tice, has the best chances to succeed [Berger & Luckman 1967]. It is impor-

tant that significant organisations, and sometimes persons, promote a stan-

dard.  

Positive example: The building classification system used in Sweden, BSAB, 

has been continuously supported by information material etc., and has been 

developed to keep up with long-term trends in the development of construc-

tion technology. 

 

Characteristics of technology 

 The technology has network externalities 

Network externalities are said to exist, when the value of joining the network 

increases with its size, since as a network grows, there will be more people 

with whom one can share information [OECD 1991]. Network externalities 

add to the degree of increasing returns to adoption.  

Examples: The World Wide Web (www) is an excellent example. After hav-

ing reached a critical mass its global spread has ”snow-balled”. 

Negative example: A cable network for television is an example of no net-

work externalities. If more persons connect to the network, the direct value 

for the already connected does not necessarily increase. 

 The technology is compatible and easy to integrate with already used 

technologies  

To set standards for more isolated technologies can be expected to be easier 

than setting standards for more integrated technologies [Morell 1994]. 

Positive example: The fax, which was easy to integrate with one wide spread 

technology, the telephone network, and had few connections to other tech-

nologies. 
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Negative example: Wide screen television which will necessitate huge in-

vestments in new equipment both on the sender and receiver sides. 

 

Market structure and vendor strategies 

 Market opportunities are positive 

The number of competitors, alone or in alliances, and their market shares will 

influence how companies relate to standards [Morell 1994]. The structure of 

the customer base and standards for related technological systems are other 

important factors for the vendors.  

Positive example: Netscape utilising the de facto standard HTML for exploit-

ing the Internet in the middle of the 1990s. 

 The  architectures are open 

With a closed architecture, i.e. not available to others, a company may try to 

inhibit development of formal standards in the hope that a de facto standard 

will develop which favours the technology producer [Morell 1994].  

Positive example: Microsoft Disk Operative System (MS DOS) is an open ar-

chitecture, which contributed to its tremendous success. 

Negative example: The MacIntosh PC was technically far more advanced 

than the DOS machines around 1985, but its closed architecture made third 

party development very difficult, and inhibited the growth of Apple’s market 

share. 

 

The standard setting process 

 Getting acceptance for a new work item among a critical number of ac-

tors 

The driving force of standardisation lies in making the existing solutions 

compatible, which implies a reduction in variety [OECD 1991]. The stan-

dards decision of other users, old own investments and the financing of a new 

standard are important factors for the willingness to participate in standards 

setting. 

Positive example: Industry consortia like EPISTLE, see chapter 4, can be 

formed to reach the critical number of participants and funding. 

Negative example: It has not been possible to get the backing and funding for 

the definition of an international building element classification table. One 

important factor is the large number of existing national classification sys-

tems and vested interests in them. 
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 The standard setting process must be efficient 

The new generation of IT standards is difficult to develop as the standardisa-

tion involves much research. It is important to facilitate agreement on con-

cepts among different actors, see section 3.1. The standard itself should be 

small and easy to get consensus about Libicki 1995. Due to this the stan-

dardisation process for IT should be more efficient, which has implications 

on the way to work for most of the standard bodies [OECD 1991].  

Positive example: The ISO CAD-Layer standard [ISO 1996] which was de-

fined in the time of two years. It has a well defined structure with opportuni-

ties for each country to have their own layer definitions. 

Negative example: The STEP standardisation effort has, due to its complex-

ity, been going on for some 12 years and has still only produced one limited 

application protocol for construction industry use (AP 225, see section 4.5.3). 

This has led to quite a lot of frustration and partly to an upsurge in the inter-

est in the IAI development, see section 4.4.2, which tries to overcome some 

of the bureaucratic problems of formal standardisation. 

 

Standard Acceptance 

 There are no competing standards 

Different standards alternatives close to each other will complicate standards 

acceptance [OECD 1991].  

Positive example: The HTML-standard for web-based information has been 

accepted very rapidly due to a lack of competing standards. 

Negative example: There were originally a number of competing standards 

for home-videos. In particular the VHS and Betamax systems were in compe-

tition. Eventually the VHS system has come out as winner, despite the fact 

that many have considered Betamax technically superior. 

 Buyer and user of a standard have similar interests  

As the ultimate users of the standards are not the buyers, i.e. the people in the 

organisation who decide what standards to use, it is important that the prefer-

ences are the same for users and buyers [OECD 1991]. The buyers’ choices 

will affect the clients and sub-contractors of the company and also the fate of 

a standard.   

Positive example: End users and buyers work together in standardisation. 

Negative example: Management buys software supporting standards accord-

ing to business plans. End users continue with old tools or do not use the new 

ones properly.  
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 The transition time to a new network is short 

In network industries, successful innovations often harm the installed base of 

users, and make them stranded. This stranding externality has no direct paral-

lel in technologies without network effects OECD 1991. A short time for 

transition to a new standard and a new network is fundamental and demands 

co-ordination to minimise the costs and efforts, as firms are dependent on 

each other.  

Example: When the GSM mobile phone net is growing, the installed base of 

NMT (Nordic Mobile Telephone net) users in their old network suffers from 

the effect of stranding externalities as the value of using the network de-

creases as the number of users decreases.  

 

Technology Acceptance 

 The supported technology is valuable for a large number of users 

The chances for acceptance of a standard are better if it supports a more valu-

able technology. The value of the deployment of the technology will influ-

ence the user demand for standardisation Morell 1994]. The value of using 

standards are: increased viability, lower costs and an easier evaluation and 

acceptance. 

Example: The STEP standard, see chapter 4, supports very valuable informa-

tion handling processes for manufacturing. 

 

The success factors above are summarised in table 3-1. 

 

3.4 Actors of Standard Setting 

Due to the view that formal procedures are too slow, standardisation is increas-

ingly prepared, at national and international levels, by informal deliberations. 

Very often consensus between the major players is reached at the informal 

stage, and the resulting standard actually implemented before a formal decision 

is made [OECD 1991]. 

 

The Traditional Players 

The traditional players come from the need of standardisation according to the 

requirements of the industrial revolution. Today, with more countries involved 

in the standardisation process, consensus will be more difficult to achieve at the 
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world level. This may lead to increased standardisation of technologies at the 

pre-competitive stage, before interests diverge and get permanented among the 

actors. 

 

Table 3-1. Some critical factors for the acceptance of standards. 

Characteristics of reality 

 Concepts are based on the objects in the reality of everyday life 

 Legitimation bodies are continuously promoting and keeping concepts alive 

Characteristics of technology 

 The technology has network externalities 

 The technology is compatible with and easy to integrate with other technolo-

gies 

Market structure and vendor strategies 

 Market opportunities are positive 

 The architectures are open 

The standard setting process 

 It is feasible to get acceptance for a new work item among a critical number 

of actors 

 The standard setting process is efficient 

Standard acceptance 

 There are no competing standards 

 Buyer and user of a standard have similar interests 

 The transition time to a new network is short 

Technology acceptance 

 The supported technology is valuable for a large number of users 

 

 

The New Players 

New players will emerge under the influence of IT. Today the standards process 

has been opened to a larger number of participants, but still, the large firms 

have a disproportionate influence on the standards that are adopted.  

A major development in recent years is the growth of para-standardisation bod-

ies at the national and regional levels, acting  in ways complementary to that of 
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the formal standards machinery. Their contributions in the form of well ad-

vanced drafts are fed into the formal mechanisms [OECD 1991].  

3.5 Comparison of success factors 

To study how the critical factors discussed in section 3.4 have influenced the 

possibilities of adoption and success for a standard or de facto standard, a com-

parison of standards and de facto standards was carried out. In table 3-2 the in-

fluence of each critical factor on the development of the above standards has 

been estimated by the author.  

The analysed cases are BSAB, DOS, DXF, EDIFACT, FAX3, IFC, IGES, CAD 

LAYERS, STEP and UNIX. 

 

BSAB 

This is a Swedish classification system used for building elements and work 

sections [Svensk Byggtjänst 1987]. All firms in the construction industry in 

Sweden use BSAB codes for structuring building specifications and cost esti-

mates. 

 

DOS (i.e. MS DOS) 

The Microsoft Disk Operative System has become a de facto standard for Per-

sonal Computers. The impact on software development during the last decade 

has been tremendous and has made Microsoft´s owner Bill Gates one of the 

richest persons on earth. For the end user this has resulted in a large market of 

compatible hard- and software. 

 

DXF 

This data exchange format from Autodesk has become a de facto standard for 

CAD-graphics exchange. The fact that DXF files, in contrast to the DGW files 

from which they can be derived, are human-readable has made it easy for ven-

dors of other CAD systems and applications to develop software which reads 

and writes DXF files. 

 

EDIFACT 

EDIFACT stands for EDI for Administration, Commerce and Transport and is 

developed under the umbrella of the UN. EDIFACT messages are typically used 

to enable paper-less commercial transactions. Messages are defined according 

to a standardised syntax, reusing earlier developed data segments.  
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FAX 3 

The Fax Group 3 standard specifies formats for digital fax messages. It required 

technology substitution, but did so with a technology that was not highly inte-

grated into other hardware or software systems, and that was extremely inex-

pensive. It has fewer system wide consequences than the change to a new oper-

ating system. 

 

IFC 

Industry Foundation Classes are defined by the IAI  (International Alliance for 

Interoperability) [IAI 1996]. IAI was originally founded as an initiative by 

Autodesk and other founding members from industry which organised the US 

chapter of IAI, but has later spread world-wide. The purpose is to have a de 

facto standard for the construction industry for product model objects.  

 

IGES 

IGES (Initial Graphics Exchange Specification) is a neutral format for CAD-

graphics exchange which has been developed since the late 1970s [Reed 1991]. 

It is still developed into new versions and is a US standard.  

 

The ISO CAD-Layer standard 

The ISO standard for a reference structure for layer definition for drawings  

[ISO 1996] was approved as an international standard in 1998. It supports both 

an object oriented and a graphics oriented approach to layering and exchange 

for CAD-systems. It is based on existing layering conventions used in practice 

in a number of ISO member countries [Björk et al. 1997]. 

 

STEP 

The Standard for Exchange of Product Model Data is developed by the ISO 

[ISO/TC184/SC4 1993a]. The first fundamental parts are ready as international 

standards and lots of domain specific application protocols are on their way. 

STEP stands for a paradigm shift as it handles objects and not primarily draw-

ings. This has wide consequences for the applications in the companies. Integra-

tion with existing applications will take time and effort. 
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UNIX 

The UNIX operating system is a de facto standard for work stations and larger 

computers. It has no significant impact on personal computers. It has been open 

from the beginning and comes from the university environment. Unfortunately 

it is not fully standardised, but a number of different versions have existed in 

parallel. 

 

Comparison of standards  

In table 3-2 the above standards are listed. Cells are shaded which have had, or 

will have, a significant impact on the overall destiny of the standard applied in 

the construction industry, according to the author.  

 

Table 3-2. Estimated influence from critical factors on the acceptance of 

standards. - = negative, blank = none, + = positive. The pre-

sent success level is rated -, x, xx, xxx (negative to positive). 

  bsab dxf  fax3  iges  step  

    dos  edifact  ifc   layer  unix 

Characteristics of reality           
 Concepts are based on the objects in the reality of everyday life + -       + - - 

 Legitimation bodies are continuously distributing and keeping 

concepts alive 

+  +   + -    

Characteristics of technology           
 The technology has network externalities  - + + + + + + + - 

 The technology is compatible and easy to integrate with other 

technologies 

+ -  - + -   - - 

Market structure and vendor strategies           
 Market opportunities are positive    + + + -  +  

 The architectures are open  + - + +  + + + + 

The standard setting process           
 Acceptance for a new work item among a critical number of actors 

is easy to get 

+    + +  +   

 The efficiency of the standard setting process is high  + + - +    -  

Standard acceptance           
 There are no competing standards + -  + + + - + + - 

 Buyer and user of a standard have similar interests + - -   + -    

 The transition time to a new network is short +   - + -   -  

Technology acceptance           
 The supported technology is valuable for a large number of users    +  + -  + - 

Year for introduction (O=old, N= new) O O O O O N O N N O 

Success level (? = to be seen)  xxx xxx xxx x xxx ? - ? ? x 
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It is important to understand that the influence on the acceptance of each stan-

dard is dependent on a combination of factors with various weights. For DOS 

the efficiency of standard setting has been very important (it was not done as 

committee work taking years). The FAX3 standard for instance owns its success 

in particular to the network externalities and the ease of integration with exist-

ing technologies.  

The analysis is to be seen only as an illustration of how to make an evaluation 

of the influence of different factors on a conceivable standard, not as a rigorous 

analysis based on extensive empirical evidence. The values in the table are the 

subjective opinions of the author and these opinions are based on personal ex-

periences of some of the standards and on literature referenced in this chapter. 

 

3.6 Conclusions on standardisation 

Standards for information technology have wide consequences for the viability 

of new technology markets, and through those markets, on the competitiveness 

of industries and nations [Morell 1994]. Without standards, developers are not 

so interested to commit to development, production and marketing. For the us-

ers standards lower the risks involved in the acquisition of new technology. In 

addition standards often define interfaces among technologies.  

 

Lessons learned 

During the last decades major software vendors, like Microsoft and Autodesk, 

have been leading the standardisation efforts in IT through the development and 

promotion of particular technical solutions which have become de facto stan-

dards. These have often been more successful than the attempts to develop offi-

cial standards through the normal formal standardisation channels. 

The end users from the construction industry have started several attempts to 

develop de facto standards on national and regional levels but have not experi-

enced much success. Initiatives in the international standardisation arena have 

not been successful either, but that might change in the near future. Due to the 

demanding and time consuming task of defining, getting support for, getting 

funding for and accomplishing a standard there are only a few standardisation 

projects going on today, e.g. AP230 Steelwork in STEP, see section 4.5.3. 

In newly started developments of standards, e.g. IFC, see section 4.5.2, end us-

ers together with vendors are co-operating. This may be a possible way for a 

successful result. Others think that the vendors, involved or not in standardisa-

tion work, will drive the development because they need a solution for their 

software systems [Storer 1997]. 
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Conclusions 

Important factors for success are characteristics of technology, technology ac-

ceptance, characteristics of reality and the standard setting process. More con-

cretely, a number of factors come out as particularly important for standardisa-

tion in a domain such as building product modelling, which tends to lead to 

technically very complex standards. On the assumption that there is acceptance 

for a new standardisation effort, some central requirements for a successful 

standardisation in the domain of building product modelling are: 

 The standardisation process should be as short as possible. 

 The standard should be easy to understand. 

 The standard should be easy to implement. 

 The companies and software developers should be able to focus their imple-

mentations to a limited number of standards. 

 There should be legitimation bodies supporting the standards.   
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4 CURRENT RESEARCH,  DEVELOPMENT AND STAN-

DARDISATION 

 

This chapter discusses a selected number of related research, development 

and standardisation efforts. Two main directions can be identified: one 

with very few concepts in the model and one with a comprehensive defini-

tion of the concepts. In this thesis the two approaches are called Minimal 

and Explicit, respectively. 

 

4.1 Introduction to product modelling research  

The focus of this thesis is product modelling. This encompasses the structuring 

of  models and the information put into them, i.e. issues regarding concepts, 

classification and information exchange.  

As a software technique, product modelling is based on object-orientation. The 

object-oriented modelling paradigm is widely accepted among researchers and 

in the software industry [Booch 1991], [Jacobson et al. 1994]. It resembles the 

human way of thinking about the real world. Objects and relationships between 

them are the basic constructs. To this, abstractions like classification, generalis-

ation/specialisation and composition/decomposition can be added. This corre-

sponds to the way human beings perceive the real world in their thinking. 

This chapter is divided into the following parts: 

 basic product modelling concepts 

 data exchange formats 

 minimal models 

 explicit models 

 classification frameworks 

 

4.2 Product Modelling Concepts 

A product model holds information about a product in an integrated way over 

the product life cycle. Product refers to a planned or existing product, which is a 

man made thing [ISO/TC184/SC4 1993a] with certain characteristics. The term 

model implies that the product, the system, organisation etc. is described, de-

picted, in a way to enable the stored description to give essential information 

regarding important states and behaviour of the product in question [Keijer et 
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al. 1994]. The model and its design must therefore always be compared to the 

actual requirements to be met in practice. The model is, as a rule, a simplified, 

abstracted, description or representation of reality, the real product.  

A building product model is a particular type of product model for information 

about buildings. It is aimed at supporting information management in the con-

struction and maintenance process from briefing via design and construction to 

maintenance and demolition, i.e. the complete life cycle. 

There are alternatives to product models for information exchange, where ob-

jects are managed over networks. The Common Object Request Broker Archi-

tecture, CORBA, specified by the Object Management Group, OMG, is one of 

the main techniques for this, which aims at promoting inter-working between 

intelligent objects or components, and also legacy applications [Orfali et al. 

1996]. As CORBA is not aimed at the data exchange and storage aspects but 

more the distribution aspects, CORBA and similar approaches are not studied in 

this thesis.   

 

Conceptual modelling 

The theory of conceptual modelling is the basis for development of product 

models [Björk 1995]. By model is meant a simple and familiar structure or 

mechanism that can be used to interpret some part of reality [Johannesson et al. 

1996]. The part of reality for which we create a model is called the object sys-

tem or Universe of Discourse, UoD. That is the collection of all objects (enti-

ties) that have ever been, are, or ever will be in a selected portion of a real world 

or postulated world of interest that is being described [ISO 1985]. Conceptual 

modelling links the objects in the real world to the concepts in the mental world, 

see figure 4-1.  

In the real world, in the language and also in the information system, there are 

two basic categories of symbols and terms. One is individual objects in the real 

world and the other is concepts, i.e. whole classes of objects, in the mental 

world. Objects have properties, and those with similar properties can be 

grouped into categories or classes. Properties are represented by attributes, 

which can be used to represent simple properties of an object as well as  asso-

ciations between separate objects.  
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Figure 4-1. Ogdens meaning triangle, after [Ogden & Richards 1923]. 

 

The result of the conceptual modelling activity is the conceptual schema where 

classes and attributes with their internal relations are defined. A conceptual 

schema consists of three parts [Johannesson et al. 1996]:  

 A specified language using an alphabet and a grammar. 

 A set of derivation rules and a set of integrity constraints. 

 A set of event rules, external and internal, describing the behaviour of the 

object system. 

 

The rules can be static or dynamic, i.e. for a specific point in time or for chang-

ing states. The symbolic representation of the objects classified according to the 

conceptual schema are stored in the so called information base. The information 

base is a concept denoting the information which is in practice stored in a data 

base or in a file, but abstracting away from physical implementation aspects. 

The conceptual schema is defined in an information modelling language such as 

EXPRESS [ISO/TC184/SC4 1993b], [Schenck & Wilson 1994], which is used 

in STEP and in many other research and development projects. EXPRESS 

comes both in a graphical, EXPRESS-G, and in a textual version. The textual 

version of the schema is more precise as it can define rules and methods, and it 

can with little adaptation be used to create implementations in specific envi-

ronments. The graphical version, is on the other hand, better suited for the proc-

ess of achieving acceptance for a proposed schema as it is easy to understand, 

also for non modelling specialists.  
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There are other languages for conceptual modelling like the Unified Modelling 

Language, UML, which is aiming at supporting the whole process from Object-

Oriented Analysis via Design to Implementation, including methods and behav-

iour [FMV 1997]. As this thesis is focusing on the information modelling, UML 

and similar approaches are not discussed. 

The conceptual schema fits into the ANSI-SPARC three layer architecture [ISO  

1985] which distinguishes between conceptual, internal and external schemata. 

An internal schema is a schema defining how the information defined in a con-

ceptual schema is represented internally within some particular application en-

vironment, for instance in a particular database system. External schemata cor-

respond to the way particular end users look selectively at the information. 

This is a short description of the basic features of conceptual modelling. More 

detailed information can be found in [ISO 1985], [Johannesson et al. 1996]. 

 

Product model  

As explained above, a product model is a conceptual model of a product, and by 

a conceptual model is meant a conceptual schema together with a corresponding 

information base [Johannesson et al. 1996], [ISO 1985]. Figure 4-2 illustrates 

the relations between the UoD, the information system and the user. Compared 

to figure 4-1, the concepts are defined in the conceptual schema, and the terms / 

symbols are the records in the information base representing the objects of the 

real world.  

According to figure 4-2 there are three terms defined - the product model con-

sisting of the information base and the conceptual schema. These terms are 

used in this thesis. There are a number of different uses of terminology among 

researchers in the domain. Björk, for instance, uses the term product data model 

for a conceptual schema describing a product, and product model for the corre-

sponding information base which has to be in conformance with a precisely de-

fined conceptual schema [Björk 1995].  
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Figure 4-2. The information system models and influences the object  

  system. After [Johannesson et al. 1996]. 

 

In this thesis, the primary objects in buildings, like walls and doors, are called 

building objects. This is to avoid conflicts with established terms, already hav-

ing various meanings in e.g. classification, see 4.6. 

 

Class, type and occurrence 

Object class or entity type, in EXPRESS just entity [ISO/TC184/SC4 1993b], is 

the template for objects with similar characteristics, e.g. all objects which look 

like walls are classified as walls and get the attribute set of that class. An in-

stance represents an individual object in the UoD. Often such instances are 

called objects or entities, as opposed to classes. Unfortunately the term entity is 

used for the concept class in EXPRESS. Instance and occurrence are defined as 

- ”an individual entity, for which a particular type proposition holds, that is, 

which belongs to a particular class of entities” [ISO 1985]. The term occurrence 

is frequently used to represent an instance that is given a position, i.e. a co-

ordinate of some kind [IAI 1997]. 

In STEP models, and other applications, the attributes of a class have no values 

pre set when the occurrence is instantiated. The individual occurrence thus gets 
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a set of values which are unique for it. This is a problem as we want, not only 

the attributes, but also some of the values, to be pre defined in many cases. It is 

for this type of reasoning that the type concept has been introduced [Hannus et 

al.1994], [IAI 1997], [Björk 1995], [Svensson & Falk 1994], [Tarandi et al. 

1994]. Other names like specific in the GARM have also been used for this 

concept [Gielingh 1988]. The type is supposed to carry a number of pre set at-

tribute values and a number of non specified values.  

In many research projects particular solutions have been designed to achieve the 

functionality of the type construct. In figure 4-3 an interpretation of the type 

concept of GARM [Gielingh 1988] is illustrated. The class has attributes for all 

objects instantiated from it. Some of them are of a specific type and have then a 

set of attributes, i.e. names and values, in common. The occurrence object has in 

addition extra attributes, including position.  

 

 

 

 

 

 

 

 

 

Figure 4-3. Examples on the class - type - occurrence chain. 

 

The example of wall types illustrates when a type description is based on vari-

ous kinds of reference geometries which are needed when the occurrence is in-

stantiated. There is a sliding degree of precision from type section, with only 

layers defined, e.g. gypsum and insulation, to a type where everything is in-

cluded. For the definition of reference geometry, see geometry and shape. 

 

Grouping 

In many situations there is a need for a generic grouping mechanism to define 

relationships or associations between classes. These relations are called assem-

bly and collection in EPISTLE [Angus 1996], system in NICC [Tarandi et al. 

1994] and IFC [IAI 1997] and group in OOCAD [Serén et al. 1993].  
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Identifier 

In construction projects, where the working environment is distributed, e.g. in 

several computers in different organisations, there is a need for object identifi-

cation throughout their life cycle [Hannus et al.1994]. This might require the in-

troduction of unique identifiers on at least project level and preferably on a 

global level.  

 

Location 

For construction planning the concept of location is central. To be able to sum-

marise quantities, related to a specific part of a floor of a building, they have to 

have an attribute for the location. It can be described as an area or volume of the 

planned building with a defined identity, name. With the product model ap-

proach, where each individual building object has some sort of geometry de-

fined with co-ordinates in a geographical context, the search and grouping to ad 

hoc defined locations can be done. 

 

Relation, connection 

The concepts relation and connection are used with ambiguous meanings. To-

day they are mainly used for describing how elements in analysis models are 

positioned and related to each other. In finite element, energy and flow analysis, 

this kind of information is very important. For cost calculation and planning of 

construction the location information, on the room level, has been the tradi-

tional way of looking at relations.  

In future applications there will be a need for more precise definitions of rela-

tions and connections also for construction. The concept of ports, described in 

GARM [Gielingh 1988] where connections are defined on various levels in the 

object hierarchy, is a good starting point.  

 

Geometry and shape  

Geometry is discussed with various meanings in all product modelling work. 

The mathematicians have one view, i.e. the Euclidian definitions of points, lines 

etc. The construction people have the view of representing the actual spatial 

volume of building objects for various purposes. This indicates that there is a 

number of levels of abstraction to the representation of the geometry, shape, 

form or spatial extension of the building object. It is therefore very important 

that there is a very precise  definition of the views used in a specific schema.  
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Reference, explicit and implicit geometry are examples of representations used 

in conceptual schemata to represent these abstractions [IAI 1997], [Tarandi et 

al. 1994]. Reference geometry can be viewed as the smallest part of geometrical 

representation to define an object to a position and rotation in space. One com-

mon view is that a building object can and must have only one reference geome-

try to relate to one geographical context. This reference geometry can be a 

point, a line, a polygon etc. [IAI 1997], [ISO/TC184/SC4 1996a]. To this refer-

ence geometry multiple representations of the spatial extension can be attached, 

each with its specific purpose. Depending on the view on the product model, the 

appropriate representation is displayed. There are two main views of the spatial 

extension of a building object, here called implicit and explicit, see figure 4-4.  
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Figure 4-4. Geometrical relations.  

 

The first view, implicit geometry, can be used when you want information about 

e.g. vertical area, height and thickness. To exchange this information and auto-

matically give the receiving applications access to the information, it has to be 

exchanged as defined attributes with values related to the reference geometry. 

This representation has several names, e.g. implicit, parametric and attribute 

driven geometry. 

The other view, explicit geometry, can be used when you want to have a more 

detailed 3D model of the building object and you are not interested in knowing 

e.g. the thickness. Of course characteristics can be derived from the 3D geome-

try, but specific algorithms are needed to calculate e.g. the thickness of a wall. 

Is it the shortest side in any direction? 
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In several situations reference geometry plus both implicit and explicit geome-

try can be used. This enables both information held in variables and the detailed 

3D representation to be transferred. 

 

4.3 Formats for Data Exchange 

We exchange data physically through cables or via other media. Without inter-

pretation by sender and receiver according to pre defined schemata or other 

specifications of what the data structures mean, the data will remain as un-

known characters. Together with an interpretation schema, like the conceptual 

schema, the data is understood as information. 

In parallel to the modelling efforts, development of various communication 

formats has taken place. In earlier CAD data exchange standards, such as IGES 

[Reed 1991], it was quite typical to find customised solutions, which had been 

designed in particular for the type of information transferred. Weaknesses of 

such solutions were for instance that they used fixed length records (i.e. 80 cha-

rarcters) which lead to a lot of empty characters being transferred and that the 

concepts used in the product schemata were hard-coded in the file structures. 

Other examples of such tailor-made solutions include the Swedish standard for 

transferring bill of quantity data, see section 7.3, and the Finnish BEC standard 

for the transfer of prefabricated concrete element data [Hannus et al. 1991], see 

figure 4-5.  

 

 (OBE 12345 ; Object-id 

  (COM „Cantilever beam at roof level‟) ; Comment text 

  (POS 6400 7200 15000 1 0 0 0 1 0) ; Relative position & orientation 

  (CLA BEAM ; Object is member of class 

   (MAXDIM 6789 300 400) ; Values of an attribute set 

   (SHAPE 123 45 678) ;  

  (CLA …) ; Member of another class etc. 

  (REL 234567 345678) ; Relationship with other objects 

  (OBJ 4567890 …) ; Sub object etc. 

 )   ; End of object  

Figure 4-5.  Example of the BEC format for data transfer about prefabri-

cated concrete components [Hannus et al. 1991]. 

 

More recently, the STEP physical file format [ISO/TC184/SC4 1993c] has 

taken over as one of the most important formats for researchers and developers. 

This is an open format which supports multiple schemata. The file transfer for-

mat is linked to using the EXPRESS language for defining the conceptual 
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schema of the information to be transferred. The STEP physical file format can 

thus be used in combination with any application protocol, i.e. schema, see sec-

tion 4.4.1. 

 

4.4 Product Model Developments  

The choice of research and papers to study was made on the basis of the au-

thor‟s understanding and review of the driving forces for developing product 

models for construction in the world.  

The value of product data technology to end users becomes evident when they 

can use product models for information exchange with a large number of their 

business partners, as this is a network technology, see chapter 3. To enable the 

information exchange between organisations, the applications have to use a 

conceptual schema common to all of them, or at least possible to easily convert 

to. 

Two main directions in product model development can be identified. One is 

based on a relatively small conceptual schema together with an external classi-

fication, and one is based on a comprehensive conceptual schema including the 

classification, see figure 4-6. In this thesis the two approaches are called Mini-

mal and Explicit, respectively. 

 

 

 

 

 

 

 

 

 

Figure 4-6.  Relation between internal and external definitions for Mini-

mal and Explicit approaches. 

 

In figure 4-7, the most important research efforts, from the viewpoint of this 

thesis, are shown in relation to time. Some of the works have had more or less 

influence on each other.  
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Minimal models 

A minimal model can be defined as having very few concepts in its conceptual 

schema, making it relatively easy to understand. It can also be called generic.  

The drawback of minimal models is the effort with the interpretation at the re-

ceiving end of the data transferred. At some point in time agreements have to be 

made about classes representing more detailed types of building objects. The 

advantage of minimal models is the low threshold for applying the models in 

application software. Examples, discussed in this thesis, are: 

 EPISTLE Core Model [Angus 1996] 

 General AEC Reference Model, GARM  [Gielingh 1988] 

 EDM  [Eastman 1992] 

 OOCAD [Serén et al. 1993] 

 The Minimal Approach  [de Vries 1991] 

 

Explicit models 

An explicit model can be defined as a type of model where there are concepts 

corresponding to almost all information types in the products which are to be 

included in the information exchange. The drawback is the great effort to define 

the concepts and also to write applications. An obvious advantage is the ease of 

interpretation for the receiver of the model. Examples on explicit models, dis-

cussed in this thesis, are: 

 AP225: Building Elements Using Explicit Shape Repr.  [ISO/TC184/SC4

  1996b] 

 AP230: Building Structural Frame: Steelwork [ISO/TC184/SC4

  1996c] 

 AEC Building Systems Model [Turner 1990] 

 COMBINE [ed. Augenbroe

  1995] 

Layered models 

Layered models can be seen as a combination of minimal and explicit models. A 

minimal model (often called a core or a kernel model) is holding the high level 

concepts, from which specialising  is done in e.g. domain models and aspect 

models. The core model is, in many cases, viewed as a mean for communication 

between the various sub-models for specific applications [ed. Nederveen 1995]. 

Examples on core models, discussed in this thesis, are: 
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 ISO STEP Building Construction Core Model  [ISO/TC184/SC4

  1996a] 

 IAI Industry Foundation Classes, IFC, Core Model  [IAI 1997] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-7. Important research and standardisation efforts and mutual in-

fluences. 
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Initiatives 

There are today only a few initiatives to develop and standardise product mod-

els in the world. In the construction domain some of the best known are STEP 

and IFC. In the related process plant industry the EPISTLE initiative, see sec-

tion 4.5.2, is of great importance.  

The organised long term work in large international groups is carried out in the 

STEP and IFC arenas. The definition of STEP, Standard for the Exchange of 

Product Model Data, is an ISO activity [ISO/TC184/SC4 1993a] and the defini-

tion of  IFC, Industry Foundation Classes, is an IAI, International Alliance for 

Interoperability, activity aimed specifically for the construction industry [IAI 

1996].  

In addition to this, EC-funded research and development projects like COM-

BINE [ed. Augenbroe 1995], ATLAS [Tolman et al. 1994], and now CONCUR 

[Storer & Los 1997] will contribute, but not until the results are made public. 

Another important force for the development is the research community with 

individual, experienced researchers and groups all over the world. However, 

with the increasing number of projects carried out in the field of product model-

ling, their contributions risk to get lost.  

The fact that there are several proposals for defining product models indicates 

that the development of product models is in a standardisation phase, which 

might increase the interest in the ISO and IAI work.  

 

4.4.1  STEP  

STEP is the acronym for STandard for the Exchange of Product model data. It is 

the informal name of the ISO standard 10303: Industrial Automation Systems & 

Integration/Industrial Data, and it is still under development [ISO/TC184/ SC4 

1993a]. The first parts of STEP reached the status of Draft International Stan-

dard, DIS, in 1994 and currently 27 have the status of DIS or IS, i.e. Interna-

tional Standard. The STEP initiative came after several years of development 

and use of IGES [Reed  1991], a neutral format for the exchange of geometry 

data defined during the 1980s. The STEP development has a large international 

group of participants covering large industry branches and research organisa-

tions.  

The STEP standard currently contains 73 parts. The parts are divided into cate-

gories according to their purposes. 
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Description methods (Parts 11-12)  

The description methods include Part 11, the EXPRESS language [ISO/TC184/ 

SC4 1993b].  

 

Implementation methods (Parts 21-29) 

STEP formally defines two different types of implementations. One is informa-

tion transfer using the physical file format, Part 21 [ISO/TC184/SC4 1993c]. 

The other one is information sharing via a Standard Data Access Interface, 

SDAI, Part 22 [ISO/TC184/SC4 1993d] 

 

Conformance tools (Parts 31-39) 

An application protocol, AP, should include a definition of how an application 

shall be tested in order to guarantee that it will operate with the specific AP 

[FMV 1996].  

 

Integrated resources, IRs (Parts 41-99 & parts 101-199) 

This group includes the common schema elements, i.e. schemata, from which 

the different APs are defined. This can be seen as a library of reusable con-

structs. The integrated resources are of two kinds, generic resources (Part 41-

99) which do not have an application context, and application resources (Part 

101-199), which define data entities that are common for a given application 

area. The best known generic resources are: 

 Part 41 Fundamentals of Product Description and Support 

 Part 42 Geometric and Topological Representation 

 Part 43 Representation Structures 

 Part 44 Product Structure Configuration 

 

Application protocols, APs (Parts 201-299) 

The ”products” of STEP are the APs. It is the verifiable schema that is accessi-

ble from an application program [Al-Timini & MacKrell 1996]. Today there is a 

requirement that more than 85% of the AP must be attached to the integrated in-

formation resources in STEP, i.e. parts 41-99 & parts 101-199 [FMV 1996]. 

Some of the released APs related to construction are: 
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 Part 201 AP: Explicit Draughting   

 Part 202 AP: Associative Draughting  

 Part 221 AP: Functional Data and Schematic Repr. for Process Plants 

 Part 225 AP: Building Elements Using Explicit Shape Repr. 

 Part 227 AP : Plant Spatial Configuration 

 Part 230 AP : Building Structural Frame: Steelwork 

 

Abstract test suites, ATS (Parts 301-399) 

The conformance testing group describes how products that are claimed to con-

form to a specific AP shall be tested. These tests, including the necessary data, 

are defined by the ATS [FMV 1996]. 

 

Application interpreted constructs, AICs (Parts 501-599) 

Like APs they are conceptual schemata within an application context. Together 

with the Integrated Resources, the Application Interpreted Constructs represent 

the building blocks for APs.  

 

STEP Design Methodology 

There are three recognised stages in the development of STEP schemata, see 

figure 4-8. 
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Figure 4-8. STEP conceptual schema inter relationships  [Al-Timini & 

MacKrell 1996]. 
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1. Application Activity Model, AAM. This captures the user requirements and 

is normally modelled using IDEF0. 

2. Application Reference Model, ARM. This represents the detailed design 

specification and includes objects and attributes described using the termi-

nology of the application. The ARM is often defined using EXPRESS-G or 

IDEF1X. 

3. Application Interpreted Model, AIM. It defines the conceptual schema speci-

fication written in the formal STEP Data Definition Language EXPRESS. It 

is mapped to the IRs and AICs. The AIM therefore represents the STEP im-

plementation of the requirements for a conceptual schema. 

 

Organisation  

The work in STEP is carried out in working groups under TC184/SC4. In work-

ing group 3, there are subgroups for development of the APs and there is the 

place for the AEC committee with the group for Building Construction.  

The development of an AP takes typically 5 years from the acceptance of the 

proposal by the SC4 until it becomes an International Standard, IS. There is a 

need for at least 5 countries participating and securing the funding of the work. 

Part 106: Building Construction Core Model, BCCM, [ISO/TC184/SC4 1996a] 

is planned to be the kernel to which all the Building Construction APs will be 

integrated, in that they are harmonised to use the super-classes from the Core 

Model. In relation to IAI and IFC there are discussions about making the 

BCCM and the IFC Core Model one and the same in a future.  

 

4.4.2  IFC 

The organisation International Alliance for Interoperability, IAI, was founded in 

1994 by a group of 12 companies in the US to develop proof of concept proto-

types demonstrating the viability of interoperability between AEC software ap-

plications. IAI will define, promote and publish specifications for the Industry 

Foundation Classes (IFC) as a basis for information sharing through the pro-

ject‟s life cycle, globally, across disciplines and technical applications [IAI 

1996].  Some important aims of the IAI are: 

 to be industry driven and close to practice  

 to be action oriented, i.e. very fast, in development 

 to reach consensus decisions without bureaucracy 

 to deliver incremental developments 
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By June 1997 there were seven international chapters with almost 500 members 

world wide [Bazjanac & Crawley 1997]. The development process of new ver-

sions is still not well defined but a new specification of the process has recently 

been released [IAI 1997]. Until now, the North American chapter, with the 

founding companies, has played a major role in the development of  the first 

version.  

 

Architecture 

The IFC model architecture is modular and has a four layer structure with a 

strict referencing hierarchy [IAI 1997], see figure 4-9. This means that modules 

are allowed only to reference classes in modules on the same level or lower. The 

layers are, starting with the lowest level, Resources Layer, Core Layer, Inter-

operability Layer (Adapters) and Domain Models Layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-9. Model architecture for IFC 1.5.  
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The Resources Layer contains independent resources - general resources (iden-

tification, measure, actor etc.), geometry (explicit and implicit) and business 

concepts (classification, cost, material etc.). These resources are referenced 

from the classes of the core layer. 

The Core Layer contains the kernel and core extensions. In the kernel all the 

basic concepts like object, relationship and attributions are located. The core ex-

tensions provide AEC/FM specific extensions to concepts of the kernel (prod-

uct, process etc.).  

The Interoperability Layer (Adapters) contains modules for interfacing with 

domain models. Classes like wall, floor and equipment are included. 

The Domain Models Layer includes the three domain models - architecture, 

building services (HVAC) and facilities management. It also includes inte-

roperability adapters for exchange with non IFC compliant applications. In-

formation sharing within the domain models layer takes place through inter-

operability adapters and core extensions [Bazjanac & Crawley 1997]. Another 

way is to use the interoperability adapters that facilitate exchange with topo-

logically different application. The file communication between applications 

utilises the  STEP part 21: Physical File Format [ISO/TC184/SC4 1993c].  

 

Methodology  

The work is undertaken in a number of domain committees consisting of ran-

domly associated member company representatives. Their proposals for specifi-

cations and requirements are brought to an integration committee and special 

task forces to integrate with existing specifications of the conceptual schemata. 

The different international chapters will be involved in this review process in 

the work with  the coming releases of IFC. 

The first version, IFC 1.0, was ready for the members in February 1997. It can 

be  seen as a very first attempt to cover most of the high level concepts of the 

processes and products of construction and in deeper detail some chosen areas. 

Version 1.5 was released in November 1997. New versions are planned to be 

defined by one year cycles.   

There is a relation between IFC and STEP in that IFC is using the same formal 

language, EXPRESS, for definition of the schema, the same physical file format 

and also using parts of the integrated resources of STEP. When it comes to the 

interpretation to generic resources, integration and the standardisation process, 

the two initiatives are different. Currently there is an on-going discussion about 

the relationship between the two efforts. 
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4.5 Product Models 

4.5.1 Different Types of Building Product Models  

As stated in chapter 4 there are two extremes in the approach to product model-

ling. One is to have a very small model or meta model where the small number 

of concepts has sets of attributes defining the individual building objects. The 

other is to model in detail and create explicit places in the framework for all 

types of building objects, relationship and attributes. 

Both sender and receiver have to agree on the meaning of the information con-

tent in an exchange. A complete and unambiguous information exchange is 

therefore based on a mutual understanding and acceptance of the definitions of 

all information pieces of interest, i.e. the objects of the UoD. To define every-

thing explicit in a conceptual schema is usually not feasible.  

Following this, four different approaches based on the abstractions and granu-

larity of the models can be distinguished: 

 Minimal approach leaving decisions to agreements on project level 

 Minimal approach supported by classification 

 Layered approach  with a core plus domain/aspect models  

 Comprehensive model with all classes and relations explicit in the schema  

 

The two first approaches above are in this thesis called Minimal and the last is 

called Explicit. The layered approach is a mixture where the core can be seen as 

a minimal model and the domain/aspect models can be seen as explicit models.  

Both the Minimal and the Explicit approaches have their consequences which 

are discussed in chapter 9, Conclusions. 

 

4.5.2 Minimal Models 

When using Minimal Models each project has to solve the problems of under-

standing, splitting, connecting and using the objects according to sets of attrib-

utes or other definition carriers. In the beginning of the product modelling ef-

fort, e.g. ISO STEP development, the idea of the complete model was frequently 

presented. Later on, a number of researchers have introduced the concept of the 

minimal model [de Vries 1991], [Tarandi et al. 1994].  

The following research and papers are described: EPISTLE, GARM, EDM, 

OOCAD and The Minimal Approach. After them the two Core Models follow: 

BCCM and IFC CM. 
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EPISTLE Core Model 

EPISTLE stands for the ”European Process Industries STEP Technical Liaison 

Executive”. It was from the start a consortium of European process industry or-

ganisations such as ICI, Shell and IBM as well as a number of software and en-

gineering contractors. Today also organisations from outside Europe have 

joined. EPISTLE was set up in September 1993 “to identify potential for col-

laboration between parties involved in developing standards for the exchange of 

technical information in the Process Industries” [Angus 1996] and to compli-

ment the work of formal standards organisations such as ISO STEP and POSC, 

Petrotechnical Open Software Corporation. 

 

Framework and Core Model 

EPISTLE has defined a data modelling framework for defining conceptual data 

models to form the basis of ISO 10303 (STEP) Parts (Application Protocols) for 

use by the process industries. Much of the Framework is based on the work by 

the Shell International Petroleum Company Limited described in “Developing 

High Quality Data Models” [West 1993]. AP 221 “Functional data and their 

schematic representation for process plant” [ISO/TC184/SC4 1994] and the 

EPISTLE Core Data Model has been developed using the framework. EPISTLE 

models are based on the following three principles: 

 definition of the objects related to a basic underlying ontology, which is less 

likely to change 

 enabling the description and identification of things in multiple ways 

 maintaining fine grain versions of data related to time 

 

The Core Model does not include fully elaborated entity types, but provides a 

set of entity types from which a set of application-specific generic entity types 

may be sub-typed. In general, an application specific generic entity type is de-

rived from the EPISTLE Core Model by sub-typing it from precisely one sub-

type from each of the four orthogonal sets – subject, instantiation, life cycle and 

reality [Angus 1996], see figure 4-10.  

EPISTLE models are structured in such a way that much of the semantics, de-

fined by individual classes in traditional models, are contained in instances of 

EPISTLE entity classes. The idea behind this is that only the core concepts are 

modelled, whilst semantics, i.e. the meaning, which changes frequently are 

stored as instances. This is enabled by the use of classes and the use of a high 

degree of normalisation, which results in every value being stored as an inde-
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pendent object. EPISTLE models are data driven, not process dependent and 

they effectively only provide a framework for data storage which is specialised 

for a particular purpose by a class library [Bailey 1997]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-10. High level object classes and relations in the EPISTLE model 

[Angus 1996].  
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can be introduced through the product life cycle without the need to change the 

conceptual schema. 

 

Association 

The intention of introducing association objects is to capture the semantic of a 

relationship as an object, which thus becomes accessible. In this way, the se-

mantic is not lost as it might be in a normal entity-relationship model. The use 

of an association entity enables the following: 

 versioning of associations 

 multiple associations  

 reference to associations 

 

High level concepts 

The fundamental part of the EPISTLE framework is the Core Data Model. This 

is a conceptual schema which captures the engineering information require-

ments of the process industry in Europe. The High Level Model from the EPIS-

TLE framework is the basis. 

The highest entity type is THING from which all other entity types are special-

ised. The Thing can be sub-typed into four orthogonal groups, which are the 

subject itself and the three qualifiers – instantiation, life cycle and reality. The 

subject entity types material and logical object hold physical and functional ob-

jects, respectively. Most of the classes can be further sub-classed. 

 

Building element structure 

EPISTLE does not define specific engineering items such as wall and window. 

Instead, logical and physical items are modelled, which are then classified as the 

appropriate engineering item. In this way, new items can be introduced without 

the need for changing the conceptual schema, as items in process plants may 

change their classification over time. 

 

Functional unit - Technical solution 

The sub-class facility of logical object is enabling the concept of a functional 

unit (logical) and material is to be seen as a technical solution (physical). In 

figure 4-11 the installation class fulfils the linkage between the two. 
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Figure 4-11. The relation between facility and material in the EPISTLE 

model [Angus 1996]. 

 

Types 

The type concept is defined through relations between the entity types: class of 

thing, instance, typical thing and specific thing, see figure 4-12. Derivation 

specifies that a typical thing is the basis for deriving a specific thing or another 

typical thing. This enables a gradual specialisation of the thing, if needed.  
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Figure 4-12.  The relations between an object class and other classes to 

 define the type in the EPISTLE model [Angus 1996]. 
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Geometry and Shape  

Geometry is a sub-class of information content (sub-class of logical object) and 

can be a shape or a spatial location. The shape may be three dimensional or 

mapped onto a surface. In the Framework and in the Core Conceptual Schema, 

there is no definition of how reference geometry or shape types could be util-

ised. 

 

Life cycle  

There are several life cycle stages that the entities can exist in. Actual is some-

thing that exists or has existed. Expected life cycle stages can be required, 

planned and predicted.  

 

Connections and systems 

The connection concept is enabled through the use of the connection sub-class 

of association. The connection may be of a functional or purely physical nature. 

When modelling connection associations it is quite common to introduce the 

concept of a port entity to which connections may be made. In the Core Model 

this can be done by classifying a thing as a port. Assemblies and collections can 

group material and facility objects into systems. They are sub-classes of compo-

sition which is a sub-class of association. Composition indicates that one thing, 

the part, forms part of the other thing, the whole. Assembly adds a fixed and 

specified relationship between the parts and the whole. 

 

 

GARM 

The General AEC (Architecture, Engineering and Construction) Reference 

Model, GARM, was developed by Wim Gielingh at the Dutch research institute 

TNO [Gielingh 1988]. It has had a great influence on both STEP and other 

product modelling initiatives. 

GARM was intended to be a general high level abstraction model, a reference 

model, for all kinds of AEC applications, but without extensions for specific 

product types. The model extension was foreseen to take place through sub-

typing and creation of data structures for specific application areas. 

Complex products are developed by first specifying their functionality as a 

whole. Then solutions are created, which again contain design problems but 

now smaller. As long as there are no existing solutions available or applicable, 

the iteration by decomposing the problem into smaller problems continues  
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[Gielingh 1988]. Existing solutions are for example solutions found in earlier 

work, standard solutions or components offered by suppliers.  

Geometric data may have different meanings, and for each meaning it may be 

specified on different levels of detail. Some represent centre lines which are suf-

ficient for most purposes, others can describe the exact boundary of the mate-

rial, in which we are not interested in many cases [Gielingh 1988]. To keep 

these representations consistent and to communicate between systems with dif-

ferent internal representations, qualified integration is required.   

 

The conceptual schema 

The basic class is the Product Definition Unit, PDU, which can be the whole 

product, a sub-system, an element, a component, a part or a feature of a product. 

The information related to a PDU is given as a collection of characteristics, 

which are related to an aspect like strength, cost etc. The meaning of a PDU and 

a characteristic is determined by a set of general and user independent abstrac-

tion mechanisms. The most important ones are specialisation, life cycle,  de-

composition and classification.  

For AEC and Building, specialisation can be made according to national classi-

fication systems like BSAB [Svensk Byggtjänst 1987], SfB etc. using the sub-

class relation. 

The following life cycle stages are defined with corresponding PDU sub-type: 

 as required Functional Unit 

 as designed Technical Solution 

 as planned Planned Unit 

 as built Physical Unit 

 as used Operational Unit 

 as altered Alteration Unit 

 as demolished Demolition Unit 

 

Functional units are objects which describe the required functionality related to 

some part of a product and technical solutions are objects describing chosen 

materials, connection details etc., which fulfil these requirements. 

GARM includes a general decomposition model where a part can be part of a 

system and a system can be part of another system etc. The connectivity in be-
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tween can be of the type arrangement where the members are not physically 

connected or of the type assembly where they are. 

GARM offers a more flexible alternative to define decomposition through the 

decomposition of Technical Solutions into Functional Units, see figure 4-13. 
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Figure 4-13. Decomposition using Functional Units, FU, and Technical So-

lutions, TS, [Gielingh 1988]. 

 

This reflects the design approach where requirements given for detailed compo-

nents/parts are dependent of more global technical solutions chosen in an earlier 

design stage [Gielingh 1988].  

 

Classification  

In GARM classification stands for the three levels - generic, specific and occur-

rence, which a PDU can be defined on, see figure 4-14.  

 



 Current Research, Development and Standardisation 

 71 

Generic PDU

Specific PDU

PDU 

Occurrence

w

h

w=120

h=200

w=150

h=200

Room 101
Room 102

Room 106 Room 103
Room 104

Room 106

Room 107

 

Figure 4-14. Classification in GARM [Gielingh 1988]. 

 

On the Generic level, the class according to conceptual modelling, are the PDUs 

with defined attributes without values. The Specific level PDU holds all the at-

tributes from the Generic PDU with values, except for location and orientation. 

For an Occurrence PDU, which always refers to a Specific PDU, all the values 

are given. Generic PDUs may form a hierarchy as long as all the attributes, ex-

cept location and orientation, are not set as the Generic PDU then becomes Spe-

cific. 

GARM has two major classes of shape definition, reference geometry and 

analysis geometry. The listed methods to represent the geometry of a product 

are: Wireframes, Surfaces, Boundary representation, CSG (constructive solid 

geometry) representation, Finite element model representation and Drawings.  

Reference geometry is used by a designer to locate components, define global 

shape, etc. It is usually independent of aspect and can be used to define the lo-

cation and the relations between Functional Units. Analysis geometry is always 

a derived geometry intended to study the behaviour and characteristics of the 

product for a specific aspect and is always dependent of aspect [Gielingh 1988]. 

Functional Units can refer to a Node in a functional network. Each node can 

have zero, one or more Ends, and two Ends can be connected via an Interface. 

Free Ends can be linked with higher level networks via Ports. Ends which are 

connected by interfaces within the network of one Technical Solution are called 

Mated Ends. The Technical Solutions have ports which in turn can be matched 

with a Mated End on a higher level. 
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EDM  

A Conceptual Schema, the Engineering Data Model, EDM, which also can be 

seen as a generic product data modelling language is proposed by Eastman 

[Eastman 1992]. In reaction to restrictions in conventional CAD systems for 

structural and architectural design EDM was developed to manage design in-

formation in relation to conventional information about the building. To man-

age this, relations are defined operationally in a form allowing them to be 

checked. 

The basis of EDM is a set of low level primitives. Design data are then repre-

sented as sets of data and relations over the sets. Three form types are built, us-

ing the primitives, which define both data objects and relations between them, 

both for abstract conceptual design information and for low level production 

based information. Constraints are implemented as semantic relations and ex-

amples are: 

 definitions and identities 

 rules of compositions 

 issues of representation 

 design rules 

 design intentions 

 

As semantic relations in design are highly complex, the relations defined as 

constraints are packaged into forms that make their behaviour both apparent and 

manageable [Eastman 1992]. 

The primitives of EDM: domain, aggregation and constraint, are used to con-

struct high level forms that package data and constraints, e.g. design know-

ledge, in ways that are natural for design and easy to interpret. 

 

The elements of EDM 

The Functional Entity, FE, is the singular data object within EDM. It is a com-

posite made up of a set of FEs (one or many), an aggregation and a set of con-

straints. They range from defining properties to defining abstract functional ob-

jects and concrete physical objects. This is done through composition in several 

levels, se figure 4-15. 

EDM has a normalised structure of design knowledge, allowing it to be encoded 

and modularised in a manner that it can be easily integrated and applied in 

unique combinations and contexts. It supports user extensions and modifica-
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tions of existing knowledge structures. The definition of an arrangement of 

EDM forms corresponds to the structuring and formulation of a design task. 

An important role for EDM is to structure information in a manner that allows 

modular definition of design knowledge. Knowledge modules should be possi-

ble to define for various constructs like systems, building types etc. A good ab-

straction partitions an FE into components with distinct functions. An example 

of a top level wall carries four different geometric representations – centre line, 

plan, section and 3D model. They can be defined using multiple lines, polylines, 

symbols and polyhedra. Constraints are defined within the wall-geometry to 

maintain the consistency between the representations. Accumulations are de-

fined to guarantee that e.g. the segments polygons do not overlap and that holes 

for ducts passing through are disjoint with openings etc.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-15. EDM graphical notation [Eastman 1992].  

 

wall FE:
wall_geom

wall_therm

space FE:
space_geom

space_therm

wall segment FE:
seg_geom

seg_therm

pass-thru FE:
pass-thru_geom

opening FE:
open_geom

open_therm

Wall composition:
- geometry, thermal
accumulations

Segment composition:
- geometry, thermal
accumulations

Pass-thru generalization:

Opening generalization

doors windows holes

core FE:
core_geom
core_therm

insulation FE:
insul_geom
insul_therm

surface FE:
surf_geom

surf_therm

electrical objects,
plumbing objects,
structural objects,
HVAC objects

Insulation generalization:

Surface composition:
- trade practice

accumulations

Core composition:
- geometry, thermal
accumulations

Alternative compositions:
4” conc. block core,
6” conc. block core,
2x4 stucs@ 12”OC,
2x4 studs@ 16”OC,
2x4 studs@ 24”OC,
3-1/2”mtl studs@ 16”OC
etc.

Base FEs:
1”polystyrene
2”polystyrene
2”fibreglass
3-1/2”polyureth.
3-1/2”wood pulp

Composition
from Base FEs:
3/8”lath
3/8”gyp.bd
1/2”gyp.bd
3/4”gyp.bd
3/4”plaster
3/8”paneling
1/4”rig.insul
etc.
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New types of compositions or technologies can be added and also new methods 

of evaluation or analysis. These extensions have to be based upon precise 

knowledge of both the existing data model and the extension.  

 

OOCAD - Object Oriented CAD   

The objective of the OOCAD project was to continue and to further elaborate 

what had been achieved in previous developments in Finland in the product 

modelling domain [Serén et al. 1993]. The work was carried out by VTT, the 

Technical Research Centre of Finland, and is based on experiences from the 

RATAS-II project [Enkovaara et al. 1988] and influences from GARM [Giel-

ingh 1988]. The result was a conceptual schema, the OOCAD data model, and a 

neutral exchange format, OXF.  

 

Conceptual schema 

The OOCAD model is based on a composition of objects with part-of relation-

ships. According to OOCAD the real world consists of two kinds of objects, 

types and occurrences, see figure 4-16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-16. The generic OOCAD product data model [Hannus et al. 

1995] 
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The basic concepts in OOCAD are, see figures 4-16: 

 Type object - defines common properties of several occurrence objects. They 

are identified by name and can consist of a number of child objects.  

 Occurrence object - defines an occurrence of a type object. It holds refer-

ences to a type, position, relationships with other occurrences and groups.  

 Group - occurrence objects can belong to multiple groups. 

 Attribute set - defines properties of objects. Most properties are normally de-

fined for type objects.  

 Relationship - links can exist between occurrence objects. They are given 

application dependent type names. 

 

The conceptual schema has three generic relationships – hierarchy, links and 

grouping. The part-of hierarchy is used for the decomposition of objects. It is 

always viewpoint dependent. Links are used to express functional interrelations 

of physical connections between objects. These links can be of a specific type. 

The last relationship type is the grouping construct. It is used to create collec-

tions of objects for any purpose. Classification is one frequently used type of 

grouping mechanism.  

 

 

The Minimal Approach  

The idea of the Minimal Approach was presented in 1991 [de Vries 1991]. The 

conceptual schema ”The Minimal Approach” is defined for data exchange be-

tween systems and the goal is to enable communication between the different 

schemata, without the need for data modelling specialists.  

All types of product models define at the lowest level the objects that are used 

in the applications. This could implicate that the exchange should be carried out 

on that level. Instead, a data structure at meta level is suggested, where applica-

tion objects fit. The benefit of this approach is that no new terms are introduced. 

 

The conceptual schema 

The building_element is the main class and has one or more relations to other 

building_elements, see figure 4-17. In addition there is a class called ”applica-

tion” which can hold all kinds of information not described in the minimal 

model. The building_ elements can refer to one space_element which can be 

filled by material or by room. To the space_element a geometry description can 
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be attached. The relation between the elements can be of different types and the 

location is determined by the translation, rotation and scaling objects.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-17. The conceptual schema of the Minimal Approach, after [de 

 Vries 1991]. 

 

The data exchange between two different conceptual schemata is carried out af-

ter two mappings, one from each of the application conceptual schemata, to the 

Minimal schema. The mappings are one to one, i.e. cross reference mappings. 

Better correspondence between application conceptual schema and the Minimal 

schema will reduce the transformation of data from the application to the ex-

change file. 

 

 

ISO STEP Building Construction Core Model  

In the Building Construction group, in the AEC committee of WG3 under 

TC184/SC4, discussion of the scope for the Building Construction Core Model, 

BCCM, was initiated in 1994. The work resulted in a document which was re-

worked several times and presented in its last version in 1996 [ISO/TC184/SC4 

1996a]. By this time, the decision had been made to integrate the BCCM and 
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the corresponding IFC Core Model of IAI. At the STEP meeting in June 1997 

the BCCM had become identical to the IFC Core Model, apart from some minor 

exceptions dictated by STEP requirements. 

The detailed Building Construction Core Model includes Products, Processes, 

Resources and Controls. It was planned to be the integrated resources for use by 

Application Protocols within Building Construction and for use in the exchange 

of information between heterogeneous computer applications. In the BCCM 

there are several domains defined in depth and in very specialised relations. 

Many classes with building elements are explicitly defined.  

 

Conceptual schema 

The schema has many parts in common with the IFC 1.5 version, but is more 

detailed. The central part with the BC_ProjectObject is shown in figure 4-18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-18. The ProjectObject of the BCCM [ISO/TC184 /SC4 1996a]. 
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implicit, here parametric, shapes are the two representation forms for the indi-

vidual Product_object, see figure 4-19. 
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Figure 4-19. The shape construct of the BCCM [ISO/TC184/SC4 1996a]. 

 

On the process side of the conceptual schema the relations between process, 

product and resources are defined. The process is divided into activities which 

consists of tasks.  

 

 

Industry Foundation Classes, IFC, Core Model, version 1.5   

An overview of the class hierarchy [IAI 1997] is shown in figure 4-20. On the 

highest level the most important classes for this thesis are IfcResource, IfcPro-

duct, IfcProcess and IfcGroup. Systems and zones are viewed as IfcGroups, i.e. 

they function as grouping mechanisms. Space has a class of its own in parallel 

to IfcBuildingElement.    

The physical parts of the building, i.e. IfcBuildingElement, are in the 1.5 ver-

sion divided into a number of sub-classes related to the Architectural and Struc-
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tural domains. For other domains, like HVAC, the domain schema defines all 

the sub-classes as sub-classes of the IfcBuildingElement from the Core schema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-20. Object class hierarchy in the IFC 1.5 model.  
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ing of the attributes is not explicitly stated anywhere in the IFC 1.5 definition, 

but has to be managed in the projects by the participants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-21. Relation between Class, GenericType, SpecificType and  Oc-

currence in the IFC 1.5 model.   
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4.5.3 Explicit Models 

To be able to utilise Explicit Models the industry has to come to an agreement 

about a vast number of concepts and details up front when the conceptual sche-

mata are standardised.  

The following researches and papers are described: AP225, AP230, AEC Sys-

tem Model and COMBINE. 

 

 

AP225: Building Elements Using Explicit Shape Representation 

AP225 is a STEP Application Protocol for the exchange of building elements 

using explicit 3D shape representations [ISO/TC184/SC4 1996b]. It is aimed at 

describing shape related elements of a building. It also addresses the functional 

decomposition of the shape of an element, element classification and grouping 

of elements into complex structures, see figure 4-22.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-22. ARM diagram for Building_element in AP225 [ISO/TC184/ 

SC4 1996b]. 
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AP225 will receive the status of DIS, Draft International Standard, during 1998. 

That is, it will be the first ISO standard for Building Construction in the field of 

product modelling.  

 

Conceptual Schema 

The building elements are composed of shape components that may be explic-

itly represented by an elementary, an analytic or a free form shape. In addition, 

the building elements can have a limited set of associated semantic. This is co-

ordinated with the development of other APs in the building construction do-

main, as these, like the Building Construction Core Model, will hold the main 

semantic definitions of building element classification, assemblies, connections 

etc. AP225 defines in addition to this changes, change requests, approvals, clas-

sification etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-23. ARM diagram for Building_element_component in AP225 

[ISO/TC184/ SC4 1996b]. 
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see also figure 4-23. The other sub-classes of building_element do not have this 

construct. They just consist of a set of geometrical artefacts. 

The building_element_or_component_shape can have a set of representations 

using the geometrical artefacts found in STEP Part 42, e.g. faceted_b_rep, ana-

lytic_b_rep, solid_of_linear_extrusion, elementary_curve, block etc. For spaces 

the number of possible choices is limited. 

The opening_type can be doorway, service_opening or window_opening. This 

is a kind of semantic which can conflict with a higher level application, as it is 

more than just geometry characteristics. 

 

 

AP230: Building Structural Framework: Steelwork 

AP230 is a STEP AP under development for the exchange of information relat-

ing to structural steel frames [ISO/TC184/SC4 1996c].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-24. A decomposition of assemblies in AP230 [ISO/TC184/SC4 

1996c].  
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It relates to applications for analysis, member design, connection design and de-

tailing functions. The work is based on the CIMsteel Integration Standards, CIS, 

which has been developed as a pan-European project during a period of more 

than five years [Watson et al. 1993].  

Conceptual Schema 

The products defined in AP230 are steelwork building frames. They exist as de-

signed and manufactured assemblies, i.e. one functional definition and then a 

technical solution. The frames are made up of parts and joint systems. In figure 

4-24 these relations are shown. The conceptual schema is quite large and con-

sists of very specific and detailed data structures, which is necessary for this 

type of domain. 

 

 

AEC Building Systems Model  

This research was presented to the STEP AEC committee and presents a high 

level conceptual schema of an AEC product model [Turner1990]. The product 

is the finished building consisting of a number of systems. The aim is to model 

general building model concepts like systems, property, geometry etc.  

The basis for the conceptual schema is the general system from which the build-

ing systems are instantiated. The systems exist to satisfy specific human or natu-

ral needs, e.g. an enclosure system satisfies the need for security, privacy and 

environmental protection. In the systems there are two or more system compo-

nents. A system component can have one or more ports which can be either for 

intraconnection or interconnection.   

The AEC Building System Model also has the concepts of sub-system, associa-

tive system, flow system, static and dynamic systems, distribution network and 

more. This enables a very accurate modelling of a building from a functional 

viewpoint, see figure 4-25.  

The system approach has been well received among researchers and the AEC 

Building System Model is frequently cited. The parts missing, and perhaps the 

ones making it difficult to apply the model in practice, are detailed descriptions 

of spatial and topological characteristics in combination with missing constructs 

for types and classification. 
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Figure 4-25. Site Systems in Building System Model [Turner 1990] in 

NIAM notation. 

 

 

 

COMBINE  

The COMBINE project was launched in 1990 as part of the European JOULE 

program [ed. Augenbroe 1995]. The goal was efficient use of advanced Product 

Data Technology (PDT) in the building industry and also to show its potential 

to the end users. The main purpose of the research was to apply emerging STEP 
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can be mapped. Aspect models are to be understood as design tool (DT) specific 

information. For each aspect model there is an IDM sub-schema defined, which 
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is a subset of the IDM. In the sub-schema all information from the IDM, which 

is used or influenced by the DT, is defined. The IDM is enabling exchange of 

information between DTs.  

In the second phase, COMBINE 2 1993-1995, the results from the first phase 

were used and put into an operational Integrated Building Design System 

(IBDS) with end users participating. The applications were oriented towards en-

ergy and HVAC consultants‟ tools.  

 

Conceptual schema  

The IDM can be seen as a core consisting of high level classes [TU Delft 1995]. 

In figure 4-26, the central entity classes, with some important relations, are 

shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-26. The central parts of the IDM with selected relations shown.  
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Spaces play a central role in energy and HVAC analysis which can be seen in 

the IDM. In the model there are several levels of spaces and the elementary 

spaces are defined by enclosing elements, see figure 4-27. Topology relation-

ships are explicitly defined in the model which makes it easy to relate different 

composition levels. As the model is space oriented, the building objects play a 

secondary role as enclosing elements with geometric representation accord-

ingly, i.e. their surface definition is the important aspect.   

 

 

Figure 4-27. Example showing space object from the IDM [ed. Nederveen 

1995] 

 

 

4.6 High Level Frameworks for Construction Information Classifi-

cation 

In the research world there are many different ways to name the concepts of ob-

ject-oriented modelling. Regarding the concepts of the construction industry, 

the situation is almost worse. In addition to the confusion of structuring, relat-

ing and naming the phenomena of the building there are the differences between 

the nations. There is little international standardisation of classifications for 

construction [ISO/TC59 1997]. Most countries have their own classification 

systems and thus different structures and concepts in their tables for construc-

tion objects. To enable international co-operation there is a need for common 
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definitions and structures for information. A possible framework model for this 

is presented below.  

 

ISO Construction Classification Framework 

In an ISO report regarding structures and concepts for classification in construc-

tion [ISO/TC59 1997] the diagram in figure 4-28 is illustrating classes and rela-

tions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-28.  Construction concepts and some of the relationships between 

 them [ISO/TC59 1997]. Informal notation. 
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The following definitions are the most important: 

 Construction result  

 Construction entity 

 Construction complex 

 Construction entity part 

 Element 

 Work result 

 Designed element 

 Space 

 Work process 

 Resource  

 

Construction complex is a collection of construction entities which are con-

struction results of significant scale for user activities. The construction entity 

part is a solid material part of a construction entity like wall, door and light 

switch. Element is a construction entity part ”which fulfils a characteristic, pre-

dominating function of the construction entity” [ISO/TC59 1997]. Work section 

result is a result of a process where an actor uses a construction resource, e.g. 

(installed) gypsum board. One or more work section results make up a construc-

tion entity part.  

There are, in spite of the above ISO CD (Committee Draft) document, different 

views among researchers on classification. One is that the physical object can 

be described independently of classification which is then associated through 

one or more characteristics, functions, which define the object [Woestenenk 

1997].   

The proposed framework could serve as a foundation for identifying classes for 

construction work [Ekholm 1996]. Ekholm also proposes a classification of 

construction work parts as shape objects for the earliest stages of the computer-

aided design process.  

 

 

IRMA 

The definition of IRMA, an Information Reference Model for Architecture, En-

gineering, and Construction was the result of a Workshop in Finland 1992. It is 
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based on the participating researchers‟ models and experience. The contributing 

conceptual schemata come from the ”Unified Approach Model” [Björk 1992], 

the ”General Construction Object Model” [Froese 1992], the ”Building Project 

Model” [Luiten & Bakkeren 1992] and the ”ICON Method - Modelling Per-

spectives” [Cooper et al. 1992].  The goal was to find one common reference 

point for future work, not a final solution.  

The very high level conceptual schema of IRMA defines generic relationships 

between products (results), activities, resources, and participants in the building 

process. It can be described as a reference schema, i.e. other schemata for more 

specific applications can be based on it through specialisation of the defined ob-

ject classes and relations, see figure 4-29. 
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Figure 4-29. Relationships and associations in the IRMA model [Luiten et 

al. 1993]. 
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4.7 Comparison of the Different Product Modelling Approaches 

Some of the models presented in this chapter are compared in figure 4-30. They 

are grouped after degree of complexity and specialisation. Complexity can be 

seen as number of concepts in combination with level of abstraction and choice 

of concepts.  

One conclusion regarding the approaches is that conceptual schemata intended 

for a very specific task, like structural steel design, have to be complex to sup-

port it. On the other hand, something aimed at being generic and all purpose 

like OOCAD also has to be simple. Two of the approaches outside of this di-

agonal, EPISTLE and EDM, can be explained as being frameworks and lan-

guages for other applications to use. In that case they can afford to be complex 

although they are generic. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-30. Generality of approaches.  
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Object structure 

This table deals with issues related to object classes. They have to do with com-

position/decomposition, generalisation/specialisation, and classification. 

Table 4-1. Object structure issues 

COMBINE Has a core consisting of high level classes including spaces. To the core, aspect 

models can be mapped for discipline specific classes. 

 

EPISTLE Has a generic structure which allows additions of new classes through instan-

tiation. Classification is user/project defined. 

 

GARM Specialisation of the classes is done through national classification systems. 

 

 

IFC Core Model Spaces are included in the schema. 

Process, resource and task are important concepts. 

 

IRMA Has a very high level conceptual schema which can be seen as a reference 

schema 

 

ISO Classification Support of classification constructs such as: constr_entity_part, element, de-

signed_element, and work_section_result. 

 

STEP BCCM Spaces are included in the schema. Process, control and resource objects, as 

well as product objects are included. Process activities and tasks can be de-

fined. 

 

 

Attributes  

This table deals with issues related to object characteristics. 

Table 4-2. Attribute issues 

EPISTLE Attributes are user defined 

 

IFC Core Model Has user defined attributes for class, type and occurrence. 

 

OOCAD Attribute sets are user defined. 

Attributes are normally defined for type objects. 
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Type concepts 

This table deals with issues related to types. They have to do with the defini-

tions of class (generic),  type (specific) and occurrence (instance) constructs. 

Table 4-3. Type concept issues 

EPISTLE Possibility to have a sliding scale of types with more and more attributes with 

values set. 

 

 

GARM Has a construct where types with attributes can be defined continuously during 

design. Generic objects, i.e. classes, can form a hierarchy with more and more 

attribute values set until they become specific. When location and orientation 

are set the objects become occurrences. 

IFC Core Model Has a complex ”attribute” driven system for types from class to occurrence.  

 

 

 

 

 

Geometry, shape 

This table deals with reference, implicit and explicit geometry issues. 

Table 4-4. Geometry, shape issues 

AP225 

 

 

Has an addition of specific explicit geometry types, compared to other STEP 

standards. 

COMBINE Enclosing_elements are used to delimit and define spaces. Topology is defined 

from points via lines and surfaces up to volumes. 

 

GARM Has reference geometry to locate the component and to define global shape and 

context for it. Geometric data has multiple meanings. 

 

IFC Core Model Has reference geometry plus implicit and/or explicit geometry.  

Geometry can have multiple representations. 

 

STEP BCCM Has reference geometry plus implicit and/or explicit geometry.  

Geometry can have multiple representations. 
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Requirements /Solutions 

This table deals with issues related to the division in designed (logical) and  

manufactured (physical) representations. 

Table 4-5. Requirements /Solutions issues 

AP230 Has connections for manufactured parts and relations to the designed (func-

tional) parts. 

 

EPISTLE Has special objects, ”installation”, to link material and facility (logical object) 

objects. 

 

GARM Has the possibility to have both a functional unit and a resulting technical solu-

tion.  

 

OOCAD Has pairs of typical and occurrence objects. 

 

 

 

 

Identification 

This table deals with versioning and life cycle stage issues related to identifica-

tion. 

Table 4-6. Identification issues 

COMBINE Has unique identifiers on all objects. 

 

EPISTLE EPISTLE enables version identification. Has definition of life cycle stage on a 

high level. 

GARM Has a very detailed definition of 7 life cycle stage. 

 

OOCAD Has project unique identities for individual objects. 

 

 

 

Grouping 

This table deals with relationships, connections (ports), and systems issues. 

Table 4-7. Grouping issues 

EPISTLE Assembly/collection can group ”things”, i.e. objects. 

  

GARM Has a port concept and assembly/arrangement constructs. It supports 

nodes in functional networks. 

OOCAD Can have objects in multiple groups. Links to express functional interre-

lations of physical connections are supported. 
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The above observations, in table 4-1 to 4-5, are the foundations for a number of 

functional requirements that a generic product model should fulfil. The follow-

ing list of requirements is important for creating a good product model. The re-

quirements are selected by the author based on experience and studied models. 

As they are based on the union of all the studied models they are sometimes 

conflicting: 

 The conceptual schema, the object structure, should be easy to understand. 

 It should be possible to add new object types and attributes in projects. 

 There should be support for a type concept with a sliding scale of attribute 

definitions.   

 Multiple geometric representations using reference geometry plus implicit 

and/or explicit geometry should be supported. 

 There should be support for the requirement and solution concepts. 

 Sorting, incremental updating and deletion of information on the level of in-

dividual building objects should be easy. 

 There should be a life cycle stage mechanism.   

 It should be possible to group objects in an ad hoc way, also in multiple 

groups. 

 A construct for describing connections should be supported.  

 

For the complete set of requirements on a product model, see chapter 5. 

 

 

4.8 Conclusions on State of the Art Research and Developments 

After the discussion of minimal and explicit models plus construction informa-

tion classification, the findings can be summarised as follows: 

 A considerable number of efforts are being made to develop product models 

for construction all over the world 

 Two main initiatives for standards, de jure or de facto, are STEP Building 

Construction Core Model and IFC Core Model.  

 There is no common classification, on an international level, for construc-

tion. The difficulties to find common classes in the models on a more de-

tailed level like columns, windows, walls etc. leave the field open for na-

tional classification. This in turn indicates that the models should have just 
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the highest and the most generic classes explicit in the conceptual schema 

and leave the rest for the classification to take care of. 

 There are several views on product modelling, which makes it difficult to 

agree on common structures.  
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5 FUNCTIONAL REQUIREMENTS ON A BPM FOR DESIGN 

TO CONSTRUCTION INFORMATION EXCHANGE   

 

This section discusses requirements which Building Product Models, used 

for information exchange from the design to the construction phase, 

should fulfil. The requirements concern model structure and are derived 

and extended from an analysis of the information requirements of con-

struction companies, the discussion of standardisation and implementation 

success factors and from results from reported research work in this do-

main (chapters 1, 2, 3 & 4). 

 

5.1 Introduction to requirements on a BPM 

Background 

The requirements regarding the content of information exchange from design to 

construction is the starting point for the definition of the functional require-

ments for a building product model supporting this exchange. These functional 

requirements can be divided into three main parts, one regarding the definition 

of and agreement on the conceptual schema during the standardisation process 

and the implementation of the conceptual schema in software, one regarding the 

use of the resulting software, and the last regarding the more technical issues of 

the structure of the model.  

Several authors have explicitly discussed requirements on information exchange 

and models. In other cases proposals for technical model solutions can be inter-

preted as being based on implicit functional requirements. 

Tolman presents a core model with geometry and high level concepts for the 

whole construction domain in the STEP Building Construction Core Model 

[ISO/TC184/SC4 1996a], Giehling defines the two sides of the design process - 

the functional versus the physical - in GARM [Gielingh 1988], Hannus de-

scribes general requirements and proposed solutions on a more detailed level 

[Hannus et al. 1994], and Wittenom edits a World Wide Web discussion - 

ISFAA-97 Electronic Forum - Information Sources For AEC Applications 

[http://sage.wt. com.au/~ausstep/aec-libraries/]. 

Björk [1995] discusses five main requirements that can be applied to a kernel 

model, i.e. a model for the common parts for all the specific aspect models. He 

proposes that the kernel model should be capable of modelling all possible 

types of information in a defined context in a non-redundant way for all phases 
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and sub-disciplines. It should also support alternative presentation formats and 

be independent of applications. 

The most fundamental requirement is of course that the building product model 

must be able to manage information about the primary objects which are de-

fined during design and used in the production phase. Eastman [1993] lists the 

required information from CAD systems, needed during the construction plan-

ning and construction stages, as being the following: 

 geometry 

 materials 

 properties 

 

Introduction to the discussion 

Functional requirements influence design of the model structure. They are de-

rived and extended from an analysis of the information requirements of con-

struction companies, the discussion of standardisation and implementation suc-

cess factors and from results from reported research work in this domain (chap-

ters 1, 2, 3 & 4). 

In addition to the findings in the previous chapters, usage related requirements 

are discussed and added to the list in this chapter. Some requirements, mainly 

from chapter three, success factors for standardisation, are not included in this 

list as they relate to characteristics common to all building product models and 

which cannot be influenced in a single development. The most evident are: 

 Network externalities – most models have it by default. 

 Integration with other technologies – more or less difficult to integrate with 

existing applications. 

 Valuable for a majority of applications – yes, for all who can utilise the in-

formation. 

 

It is important to recognise that the borderlines between the requirements below 

are not exact. Some of the requirements could be placed under multiple head-

lines. 

The structure used is the following: 

 Information structure related requirements 

 Standardisation and Implementation related requirements 

 Usage related requirements 
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5.2 Information Structure related requirements 

Most of the Product Model structure related requirements come from the stud-

ied research work in chapter four.  

 

Geometric representation aspects 

 Multiple geometric representations using reference geometry plus implicit 

and/or explicit geometry should be supported.  

 Traditional 2D representations should be possible to derive or associate to the 

objects, i.e. drawings, sections and details as they look today should be pos-

sible to link to the objects.   

 

Generic product model feature aspects 

 The conceptual schema should be non-redundant in its definition of informa-

tion items, i.e. one piece of information should not be described in multiple 

places.   

 There should be support for a type concept with a sliding scale of attribute 

definitions.   

 There should be support for requirements and solutions. 

 There should be a life cycle stage mechanism.   

 A construct for describing connections should be supported.   

 It should be possible to have all types of information related to the individual 

building object, i.e. geometric, material and performance. 

 

5.3 Standardisation and implementation related requirements 

Requirements concerning the definition of and agreement on the conceptual 

schema stem from the way standardisation bodies, research organisations, au-

thorities, companies and users operate. They have a diverse view on the goal of 

standardisation, but they have common requirements. 

Requirements from the implementation of the conceptual schema in software 

come from software developers and from the organisations/companies that im-

plement the software in their environment. The software developers have to be 

efficient in their implementation work and also able to reuse their earlier work. 

Due to limited resources they have to concentrate on as few development lines 

as possible. To enable this the concepts in the schema should be common for a 
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number of applications and if possible for a number of industries, i.e. they 

should be based on standards applicable to several industries. 

The organisations/companies and project groups have slightly different goals 

when implementing software and thus different requirements. The over all effi-

ciency, both in the short and the long run, is or should at least be in focus. It is 

of importance that the whole business idea of the organisation/company can be 

supported by the information which can be carried by the conceptual schema. 

This calls for a comprehensive, and long lasting, information structure which is 

not sub optimised for a single application. 

 

Process aspects 

 The standardisation process should be as short as possible, i.e. it must be a 

manageable task to define a standard so that agreements can be reached and 

accepted with limited work. Time is always a limitation for having experts 

involved. A critical number of supporters is necessary .  

 The companies and software developers should be able to focus their imple-

mentations i.e. they should agree upon a limited number of standards to use - 

no competing standards.  

 The conceptual schema should be easy to implement using existing software, 

databases, libraries etc. An open architecture is a prerequisite.  

 Long lasting concepts and classifications should be used, i.e. they should be 

accepted and used by a large community, preferably an international one.  

 

Cognitive aspects 

 The conceptual schema should be easy to understand, i.e. the schema should 

consist of concepts which can be understood by all categories of participants 

in the standardisation process. It makes it easier to review and evaluate the 

schema, during e.g. the ISO balloting process, if the concepts used are famil-

iar to the persons involved.   

 There should be legitimation bodies active, i.e. organisations or persons who 

market the concepts.   

 The information in the exchange file should be readable, i.e. the expert users 

in the companies should have the possibility to look into the files when there 

are problems or when they want to use data in new applications.   
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 Industry practice for classification and concepts should be used in the con-

text of building objects, i.e. co-existence of software based on such concepts 

should be facilitated.   

 The value should be apparent for the user, i.e. the efforts to create usable in-

formation for others in the information chain must be rewarded in an evident 

way for the user.  

 

5.4 Usage related requirements 

The formulation of usage related requirements is based on the experience of the 

author during more than ten years working with administration and develop-

ment of CAD applications in construction companies. The requirements from 

the use of the resulting software can come from the human user, i.e. the end 

user, the project administrator and the down stream software applications. 

The user is interested in a user friendly, easy to use and learn and extendable 

environment, i.e. it should be attractive to work with. Another important factor 

is to handle the relevant information in an efficient way. The project administra-

tor has to manage the over all use of the systems and also the relation to other 

organisations, the existing regulations in the organisation and user support. The 

systems therefore have to be easy to operate and maintain. The down stream 

software applications need well structured and formatted information as input. 

The applications on the receiving side of the information transfer are for exam-

ple quantity take off, cost estimation, planning, time scheduling, various simula-

tions etc. 

 

Sorting, distributing and updating aspects 

 The information exchange should be easy to carry out, i.e. it should be lim-

ited in time and easy to define.   

 It should be possible to store and then retrieve the information after many 

years.    

 It should be possible to work in a distributed and integrated environment, i.e. 

it should be possible to relate information to other actors world wide.   

 It should be possible to group objects in an ad hoc way, also in multiple 

groups, i.e. a generic grouping mechanism should be available for the users.   

 It should be possible to add new object types and attributes, i.e. the schema 

should have extendibility to enable user specific demands on new classes, at-

tributes and relations.  
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 The systems should work also with incomplete (limited) information sets, i.e. 

different levels of detailing of the attribute sets should be possible to handle, 

when not 100% complete information structures are available or wanted.    

 Sorting and incremental updating and deleting of information on the level of 

individual building objects should be easy, i.e. individual building objects 

should be possible to identify for version control and updating of transferred 

information.  

 

5.5 Resulting functional requirements 

From the above discussions the most important requirements have been selected 

for the evaluation of a conceptual schema. They have been divided into two 

main groups, one for the information content and structure and one for the 

standardisation, implementation and usage success.  

 

Requirements on information content and structure  

The primary task for the product model in this study is to enable transfer of 

building object related information, thus the building objects with their end user 

information plus some structure related requirements are crucial: 

 

 There should be support for requirements and solutions.  

 There should be support for a type concept with a sliding scale of attribute 

definitions.           

 There should be support for sorting and incremental updating and deleting 

of information on the level of individual building objects.  

 The conceptual schema should be non-redundant in its definition of infor-

mation items. 

 Multiple geometric representations using reference geometry plus implicit 

and/or explicit geometry should be supported.   

 It should be possible to add new object types and attributes. 
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Requirements for a standardisation, implementation and usage success  

As product model is the studied technology in this thesis, conditions already ex-

ist that make some requirements from the list irrelevant. Technology character-

istics and acceptance are already set and are only marginally influenced by 

changes in the model. Successful implementation and subsequent use of the 

technique are mainly influenced by the following requirements:  

  

 The standardisation process should be as short as possible. 

 The companies and software developers should be able to focus their im-

plementations - there should be no competing standards. 

 The conceptual schema should be easy to implement.  

 The conceptual schema should be easy to understand. 

 It should be possible to group objects in an ad hoc way. 

 There should be legitimation bodies active. 

 Long lasting concepts and classification should be used. 

 The value should be apparent to the user.   

 

 

 

5.6 Conclusion on functional requirements 

The resulting functional requirements on a building product model, with the in-

tent to aid design to construction information exchange, can be grouped into 

two main groups related to:  

 information content and structure  

 standardisation, implementation and usage 

 

Most of the selected requirements are beyond dispute as representative, but at 

the same time they are difficult to evaluate when compared to a specific concep-

tual schema of a product model. In particular the usage and success related re-

quirements are difficult to both quantify and to evaluate.  
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6 THE NICC CONCEPTUAL SCHEMA  

 

In this chapter the NICC conceptual schema is described and explained. It 

is an example of the minimal approach, and is also the basis for the proto-

type in chapter 7. NICC is based upon results and experience from a num-

ber of research and development projects in the Swedish construction in-

dustry, carried out in co-operation with the companies.  

 

6.1 Scope of NICC 

The NICC conceptual schema specifies the use of concepts, i.e. object classes, 

to satisfy requirements for the exchange of computer-interpretable information 

relating to all parts of buildings – which are considered from the standpoint of a 

designer and a constructor.  

NICC supports the exchange of information during the design and construction 

life cycle stages of a building and the transfer of administrative information, e.g. 

for construction cost analysis and construction planning. It also facilitates the 

incremental and/or complete updates of individual or all building elements. 

It addresses building object shape and type, connectivites, assemblies (groups) 

and graphical representation. Information supported by NICC includes: geomet-

rical and geographical information, information relating to physical and mate-

rial characteristics, information relating to unique identification and logical 

grouping information. 

The NICC schema specifies the following: 

 geometry objects - building objects with geometrical description (walls, 

windows, doors, floor surface etc.) and spaces  

 groupings - systems, logical or physical groupings (office system, ventilation 

system, ..) 

 locations - volumes/areas with names 

 connections - between geometry objects 

 2D representations (graphics of elements) 

 drawing composition (model - drawing relations) 

 

 

 



Neutral Intelligent CAD Communication 

 106 

The following are outside the scope of NICC: 

 organisational arrangements 

 projects 

 analytical models 

 detailing of joints 

 specification of load for structural calculations 

 cost issues 

 contractual arrangements 

 

Main characteristics of NICC 

NICC consists of a small, limited conceptual schema including three meta 

classes - building object, building space and building system. From the schema 

there are indirect references to tables, which define different implicit instances 

of classes under the meta classes. This means that, instead of having separate 

sub-classes under the generic building object class, such as wall, door and win-

dow, the instances are classified by an attribute expressing the class of the table.  

Geometry objects can be parts of one or many systems and belong to one or 

many locations. Between the geometry objects different types of connections 

can be defined. To the building objects an abstracted geometry/shape is at-

tached. This geometry is defined by a so called formtype, which describes the 

primary geometrical shape of the object. To the object, characteristics can be at-

tached through a set of user defined attributes. 

 

6.2 The NICC conceptual schema 

The information structure of NICC covers both model and drawings, but not in 

such a way that a drawing can be automatically generated from the model, i.e. 

the database. The demands, from mostly non professional users of the paper 

documents/drawings in the process, force the designers to create views of the 

model which are not reflecting just the simple 3D characteristics, but also non 

formalised data. To derive drawings which look exactly the same as the “hand 

made” one would require some sort of expert system or a shift in the demand for 

how drawings must look when it comes to graphics of symbolic draughting. 
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6.2.1 Classes of the physical objects 

NICC is based on a conceptual schema which includes Geometry Objects, Sys-

tems, Connections, Locations and Graphical Groupings. The relations are 

shown in figure 6-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1. An overview of the conceptual schema of NICC. 

 

The building is defined in the project description in the introductory parts of the 

transfer file. The building is the highest level in NICC, and it can of course be a 

part of  many projects and be one of many buildings in one real estate. 

The graphical groupings are logical groups of describing graphics and text, 

which are not related to building objects or spaces, but still model oriented. 

They can for example be system lines, fire zone boundaries, connection lines 

and real estate boundaries.  
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Building Objects and Spatial Objects 

All the objects of the classes with physical (material) characteristics belong to 

either Building Objects, BOB, or to Building Spaces, BSP. (In NICC all con-

cepts in the schema have three character codes, e.g. BOB for Building Object.)  

These two classes are sub-classes to the abstract superclass Geometry Object, 

GO, see figure 6-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-2. Sub-classes of Geometry Object. 

 

Building Objects and Building Spaces are material things like walls, fans, doors 

and rooms, which together fill the complete building from facade to facade. The 

Geometry Objects have unique identifications. They can belong to many Loca-

tions and also be a part of many Systems, see figure 6-1. 

 

Classification 

Instances of the class Building Object must have a classification code which 

follows a table defined in the NICC project. In Sweden the BSAB P2-table is 

used for the functional classification and the P1-table for product classification 
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[Svensk Byggtjänst 1987]. In figure 6-3, a part of the extended P2-table is 

shown. It is extended from the three characters specified in the classification ta-

ble. The first part of the code, the building object code, is a functional classifi-

cation and the extended code is a material oriented, user defined code, which in 

many cases is defining a technical solution. The resulting code is put together 

using separators. An example is the code 365.2-12: 

365  An opening completion according to BSAB P2 

365.2  A door, i.e. as an opening completion (NICC definition) 

365.2-12 A door of a type specified in the project. Could for example 

be an aluminium door 

 

INTERIOR SURFACES AND ROOM COMPLETION 

P2 code following BSAB (3chr) 

    NICC extension (max. 4chr)   

         extended code (max. 8chr) 

 

372.0___ ________ Surface on floor and stairs 

372.1___ ________ - Coating, paint layer 

372.2___ ________ - Floor and stair base 

373.0___ ________ Surface on walls 

374.0___ ________ Surface on ceilings 

375.0___ ________ Vacancy 

376.0___ ________ White products 

376.1___ ________ - Stove 

 

Figure 6-3. Part of the extended P2-table from BSAB for building objects. 

 

Building objects can have multiple representations and geometrical features re-

lated to their reference geometry, see figure 6-1 and section 6.2.2. 

 

Aggregation/complex 

If a construction element, which is planned to be defined as an object, is a mix-

ture (aggregation) of building objects, it has to be divided into its parts accord-

ing to the P2-table. The aggregation can be kept together through the system 

class. If it is not possible or realistic to separate the element in question into its 

parts, it can be classified as a complex on an adequate level. A complex com-

pletely consisting of structure elements should be classified as a structure com-

plex object with the P2-code 330.0 with possibly the formtype slab. A complex 

including structure and facade elements should be classified as a building com-

plex object with the P2-code 300.0. In the PreFacto system [Jägbeck 1996] 



Neutral Intelligent CAD Communication 

 110 

these complex objects are split into their parts, i.e. building object parts, see 

section 7.2.  

 

Division/break down 

The building objects of NICC are approximately elements according to ISO 

[ISO/TC59 1997]. They can be divided into building object parts, which repre-

sent the smallest division of building objects which have their corresponding 

representation in the P1-table (material oriented) for production results (ap-

proximately work sections). Building object parts could be erected steel pro-

files, gypsum boards, mineral wool boards, etc. They have the same structure as 

the building objects, see figure 6-4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-4. Break down of building object and related classes. 
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To enable a further level of detailing, the building object part can be divided 

into building object details in an infinite number of levels. The building space 

can also be divided into parts called building sub-spaces. 

 

Systems 

Systems are logical and/or functional groupings of geometry objects. They are 

objects with information about function, capacity, name, type etc., but they have 

no explicit co-ordinates of their own, nor location. They are from a geometrical 

and geographical viewpoint only the result of their parts, and thus have an inde-

terminate location in space.  

Examples of systems are heating systems, cold water systems, etc. defined by a 

system code. Spaces like rooms can together make up an office system, com-

munication system, fire zone system etc. These definitions can be applied in 

projects and can in principle apply to anything. Building objects, like fans, 

ducts and ventilators can together form a ventilation system and columns, 

beams and slabs can form a structural system. In figure 6-5 are examples of a 

proposed Swedish system classification developed in the NICC project and the 

KBS project [Svensson 1991]. 

 

 

HEATING, REFRIGERATION, WATER SUPPLY AND DRAINAGE SYSTEMS 

520.0___ ________ Complex tap water and drainage system  

521.0___ ________ Tap water system 

521.1___ ________ - Cold water system 

521.2___ ________ - Hot water system 

521.9___ ________ - Other tap water system 

525.0___ ________ Drainage system 

525.1___ ________ - Soil and waste system 

525.2___ ________ - Surface water system 

 

Figure 6-5. Example of system classification. 

 

The system objects can also be carriers of functional requirements defined in 

early phases of the project, even before the systems are assigned any geometry 

objects.  

To define the functional relations between the geometry objects in a system, 

connections are used, see section 6.2.3. Also the connection between two sys-

tems is defined by a connection between two geometry objects, one in each sys-
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tem. The connection can have characteristics to specify how the two geometry 

objects are related. 

 

 

Locations  

Locations are objects with names, such as floor 2, which describe a small or 

large volume of the building. They can be defined by geometry or just the name. 

Locations can consist of other locations to create a hierarchy. They can overlap, 

see figure 6-6, because of the need for different ways of sorting geometry ob-

jects for construction management purposes like planning, cost estimation and 

material administration. This construct gives the possibility to give, for example 

a wall, both the location Part A of Floor 4 and the location Shaft A. Only loca-

tions, geometry objects and graphical groupings (system lines etc.) can belong 

to locations.  

 

 

 

 

 

 

 

 

 

 

 

Figure 6-6. Locations can overlap, i.e. a building object might have mul-

tiple locations. 

 

6.2.2 Geometrical Representation 

Geometry objects can have two representations, one intelligent and one descrip-

tive. The intelligent information is defined by the implicit geometry, i.e. refer-

ence geometry, of the geometry object together with some selected attributes. 

Floor 4

Shaft A

Location: Floor 4 & Shaft A
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This is a very essential feature of the schema and it can be seen as attribute 

driven geometry. 

The implicit geometry is very important and is defined by the formtype for the 

current geometry object, see figure 6-7. A wall can be defined by its centre line 

plus height and thickness. This information makes it possible to straightfor-

wardly calculate gross and net areas, volumes and lengths. It also enables the 

designer to e.g. keep track of which is the left and the right side of the object.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-7. Formtypes used for the implicit geometry in the NICC schema. 
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The descriptive part of a geometry object consists of lines, curves, cross hatch-

ing, text etc. This graphical representation is defined as one, of possibly several, 

2D-views for the building object. If the intelligent definition describes the ge-

ometry object completely, then it is not necessary to send the 2D-view of de-

scriptive graphics. The formtype indicates which type of reference geometry is 

present. In NICC a number of fundamental geometrical artefacts are defined, 

see figure 6-7. The characteristics for each formtype, like height, diameter, 

width etc. are defined by attributes which are attached to the building object. A 

building object cannot be located in the model without having a formtype with 

accompanying implicit  geometry and its co-ordinates. 

The idea is that one must explicitly define what is the direction, height, thick-

ness, left side etc. although the geometry/shape of the object is implicit when 

using the attributes with names that correspond to the concepts of the industry, 

i.e. length, thickness etc. and not a1, h3, dist2 etc. If one system would send a 

true solid 3D volume of a wall, the receiving system has problems with identify-

ing for example length. Is it the longest projection to the x-y plane? This ge-

ometry can be viewed as being explicit when the majority of the co-ordinates of 

the surfaces and edges are explicitly defined.    

Spaces normally use only one alternative of form type, the slab, i.e. a polygon 

with one height. (See example of building space, BSP, definition lines in the 

test study in chapter 7.) 

The information which can be extracted from the abstracted geometry, reference 

geometry plus implicit geometry, is in most cases enough for construction man-

agement activities such as cost analysis, time scheduling, planning, material 

administration etc. For a more detailed geometrical description the explicit 3D 

representation of the object can be used. Wire frame and surface models are 

available in NICC, but not solid models. 

To this base description of the building object, positive and negative operators 

can be added. They are called completions and define openings, brackets etc. 

The geometry of the completions are defined in the same way as for the build-

ing objects using formtypes and implicit geometry. 

The abstracted geometry is normally not enough for displaying the 2D graphics 

of the building object on drawings, via drawing windows in the 3D CAD model. 

To support the needs for explicit 2D graphics, the concept of 2D-view is at-

tached to the Building Object class, see figure 6-17. 
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Reference Points and Directions  

Many classes of building objects are often represented by the formtype symbol. 

The generic representation with reference point, initial rotation (2D-vector) and 

mandatory attributes are defined for each class in separate documents, see figure 

6-8. These characteristics are absolutely crucial for facilitating an exchange of 

components from generic to manufacturer specific, see also figure 6-22. 

 

 

 

 

 

 

 

 

 

 

Figure 6-8. Definition of class properties and geometrical characteristics.  

 

From a general point of view, the reference points can be defined according to a 

set of general guidelines, see also figure 6-9: 

 Components of the structure, such as walls and columns, often have system 

lines as a starting point and are placed in the centre over these with their 

definition lines and points respectively. 

 Secondary elements like cupboards, shelves, etc. with the exception of win-

dows, doors and other elements in openings and sanitary ware, have the ref-

erence point in the farther left corner of the non-rotated component. The 

component shall be seen from the user viewpoint.  

 Components of installation systems follow the same rule as walls and secon-

dary elements, i.e. they follow the centre lines and also the direction of flows. 

 Sanitary ware have the reference point in the centre line where it intersects 

with the face of the wall. 

 Doors and windows have the reference point in the left fore corner of the 

frame on the side where the door opens or the inside of the window.  
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Figure 6-9. Principles for definition points. 

 

To the formtype symbol, a 2D or 3D vector has to be attached to define the rota-

tion in space for the building object, see figure 6-10. Also for the formtypes 

with reference lines, 2D and 3D vectors to define the orientation in space are 

needed. 

 

 

 

 

 

 

 

 

 

 

Figure 6-10. 2 D rotation for symbol and 3D rotation for slab. 

 

Connection points/ports 

On building objects one or more connection points, ports, can be defined. They 

can be points, lines or areas. Each of them have a unique identifier under their 

superior building object. The ports can have attributes and direction attached. 

This enables the designer to define e.g. that only cold water can be connected in 

a specific port and that the connecting pipe must be orthogonal to the surface of 

the machine. 
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Figure 6-11. Building object with connection points,” ports”.  

 

Types 

In NICC a geometry object is exchanged with a complete set of attributes with 

values. The concept of type, elaborated in section 4.2, is not explicit in the 

schema. Instead there is a mechanism to group attributes under so-called cata-

logue attributes and also a possibility to use the classification codes with project 

defined extensions. If many objects with the same classification, i.e. building 

object code including the extended code, are transferred, those with the same 

values for a number of attributes could be grouped into types, see figure 6-12. A 

comparable way was used in the MCAD project [Paulsson et al. 1990] with 

type, littera and building object. 

 

 

 

 

 

 

 

 

 

Figure 6-12. Relation between attribute types. 
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This means that the attributes for an object can be individual with individual 

values for all, which of course could be the same for a number of them. The 

common set of attributes are then put under a catalogue attribute. The definition 

and values of the catalogue attributes and the group attributes connected to 

them can be transferred in files in advance or accompany the file with the build-

ing objects.  

 

Symbols, Libraries  

Building objects which are not manufactured on site are often called compo-

nents. They are normally represented by the formtype symbol. The components 

can be presented realistically, i.e. with the real measures in mm in the graphics 

on drawings. This graphics is scale independent. Some components are chosen 

to be depicted schematically, e.g. a switch for electric lighting. They are then 

presented in a size which fits the drawing scale, i.e. the graphics is scale de-

pendent. A component can have both types of representation [Löwnertz & 

Tarandi 1994], [Svensk Byggtjänst 1994]. Each class, defined by the code for 

building objects, must have reference point, rotation and mandatory attributes 

defined, see figure 6-8. 

The components can be defined as standard components. In that case no graph-

ics is sent between the systems. If library components are used the receiving 

system must have the same set of library components to ensure a correct refer-

ence to the component in question. To be able to select library components the 

mandatory attributes and the classification must be the same or possible to map 

[Svensk Byggtjänst 1994]. 

 

Model contra drawing 

In current CAD technology, information is handled both in models and in dra-

wings. The models are, as well as the drawings, in most cases constructed by 

CAD tools. The relation between the placement of the object in the CAD model 

and the placement of the presentation of the object on the drawing must be de-

fined, see figure 6-13.  
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Figure 6-13. Relation between model and drawing. 

 

Both translation and rotation must be transferred. The drawing is created from 

the model using a window, an area, which is defined in the model co-ordinates. 

One or more windows can be displayed on a drawing. Orientation and scale 

have to be defined for each of the windows as well as unique identifiers. The 

identifiers make it possible to relate certain graphical presentations of objects to 

specific views, i.e. drawing windows.  

 

Views 

Symbols, and also the other formtypes, can have multiple 2D-views attached, 

e.g. to enable presentation of views for floor plans and for sections. There is a 

number of pre defined views in NICC. The orthogonal ones are: Top, Bottom,  

Front, Back, Left and Right, shown in figure 6-14. 
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Figure 6-14. Orthogonal and user defined views for a component. 

 

A horizontal section through e.g. a door, which is the normal presentation on 

2D drawings, is stored as the Top view of the building object. In addition to 

these pre defined views, there is an option for user defined views, see figure 6-

14. They are named with unique names for the object and can have external ref-

erences to files with optional formats, e.g. bitmap files. The relations between 

the different views of a building object in the 3D CAD model and their presen-

tation on drawings are shown in figure 6-15. 
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Figure 6-15. Relation between the views of the CAD model and the drawing 

windows. 

 

Graphics 

The simplified, abstracted graphics, which are defined by the formtype alone 

must in many cases be completed with explicit graphics, to be presented on a 

drawing. To a chosen view, pre defined or user defined, graphics can be added. 

NICC supports the following graphical entities: Line (Polyline), Arc, Circle and 

Text. The graphics can be defined for different levels of detailing, i.e. graphical 

levels [Svensk Byggtjänst 1994]. The levels are primarily intended for 2D pre-

sentation, but can also be used for 3D presentations. They are represented as at-

tributes of the lines. The graphical levels are: 

1. Contour simple presentation, aimed for scale 1:200 and 1:500 

2. Overview: planning contour completed with detailing adapted for scale 

  1:100 

3. Overview: build contour completed with detailing adapted for scale 

  1:20 and 1:50, suitable for plans, sections and facades  

4. Detail  detailed presentation, aimed for detail drawings in

  scale 1:1, 1:5 and 1:10 

5. Scale dependent figure schematic symbol aimed for overview drawings 

  as well as schemata and type drawings. The graphics 

  are defined for a given scale, represented by attributes 
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6. Service area graphics which illustrate the need for space during 

  usage and service 

7. Connections points and areas for connections to different technical 

  systems like water, ventilation, power and telephone 

8. Mounting/fixation points, lines and areas for mounting or fixation of  

  components 

 

Line characteristics are defined and follow the Swedish standard SS 03 22 15. 

 

6.2.3 Connections 

Connection objects connect two geometry objects. For building objects the con-

nection can be to a port, see figure 6-16. The connections can have attributes 

and definition of the connection type. They have no physical representation, 

only logical. A connection between two systems is always between geometry 

objects belonging to the systems. If for example a ventilation system ends in a 

room, the connection will be between the ventilation component facing the 

room and the room itself. 

 

 

 

 

 

 

 

 

 

Figure 6-16. Connection between geometry objects. 

 

 

6.2.4  The complete conceptual schema (for the CAD model) 

The conceptual schema for the CAD model information includes all the infor-

mation which is transferred in the NICC physical file, see figure 6-17. The 

NICC schema is defined in EXPRESS-G but the file structure and the record 
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format are described in a non formal way, see figure 6-19 and 6-20. The EX-

PRESS code is listed in Annex B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-17. The conceptual schema of NICC (without lower order attrib-

utes). 
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In a test a STEP adjusted version of NICC was made using EXPRESS-G and 

EXPRESS. This was done using ISO 10303-42 [ISO/TC184/SC4 1993e] as a 

resource model for the limited set of geometric entities used in NICC. The test 

showed that the concepts of NICC can be transferred entirely to a STEP com-

pliant schema [Tarandi et al. 1994]. 

 

6.3 The NICC physical file format 

The physical file of NICC is a numbered list of records, each beginning with a 

three character code defining the record type. The file is readable in ASCII and 

the structure of the file, i.e. the syntax, is defined by the schema in figure 6-18, 

which is an overview that excludes the drawing related record structure. 

 

HFI (Header of File) ............................................................................  Mandatory 

HPR (Header of Project).......................................................................  Mandatory 

 LOC (Location) ...................................................................  Mandatory 

   POL (Part of other Location) .................................  Optional 

   Attribute list  ..............................................................  Optional  

   Definition line ............................................................  Optional 

 * 

 BSM (Building System) ......................................................  Optional 

   POS (Part of other Building System) ..................  Optional 

   Attribute list  ..............................................................  Optional  

   * 

 * 

 BOB (Building Object)  .....................................................  Optional 

   Attribute list (Individual or Catalogue) .....................  Optional 

   Formtype  ..................................................................  Mandatory for BOB 

   Implicit geometry  ..................................................  Mandatory for BOB 

   COM  (Completion) ...............................................  Optional 

   * 

   POR (Port)  ..........................................................  Optional 

   * 

   RLO (Relation to Location) ................................  Mandatory for BOB 

   * 

   RSY (Relation to Building System) ....................  Optional 

   * 

   MOD  (3D Model) .................................................  Optional 

   * 

   VIE (2D View)  ..................................................  Optional 

   * 

   

Continues on next page … 

Figure 6-18. The NICC physical file structure, overview, * denotes repeti-

tion. 
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   BOP (Building Object Part) ................................  Optional 

    Attribute list (Ind or Cat) ............................  Optional 

     Formtype  ..................................................  Mandatory for BOP 

    Implicit geometry ........................................  Mandatory for BOP 

    COM  (Completion) .............................  Optional 

    * 

    MOD  (3D Model) ...............................  Optional 

    * 

    VIE (2D View) .................................  Optional 

    * 

    BOD (Building Object Detail) ...........  Optional 

     Attribute list (Ind or Cat) ..........  Optional 

     Formtype ...................................  Mandatory for BOD 

     Implicit geometry ......................  Mandatory for BOD 

     VIE  (2D View) ....................  Optional 

     * 

    * 

   * 

 * 

 BSP (Building Space)  ..................................................  Optional 

   Attribute list (Individual or Catalogue) .....................  Optional 

   Formtype  ..................................................................  Mandatory for BSP 

   Implicit geometry  .....................................................  Mandatory for BSP 

   Descriptive text  .......................................................  Optional 

   * 

   RLO (Relation to Location) ................................  Mandatory for BSP 

   * 

   RSY (Relation to Building System) ....................  Optional 

   * 

   BSS  (Building Sub Space) ..................................  Optional 

    Attribute list (Individual or Catalogue) ......  Optional 

    Formtype  ..................................................  Mandatory for BSS 

    Implicit geometry ........................................  Mandatory for BSS 

    Descriptive text ...........................................  Optional 

   * 

 *  

 CON (Connection) 

   Attribute list  ............................................................  Optional 

   Port list  ....................................................................  Optional 

 * 

 GGR (Graphical Grouping  (in model)) ..............................  Optional 

   Attribute list (Individual or Catalogue) .....................  Optional 

   RLO (Relation to Location) ................................  Mandatory for GGR 

   * 

   VIE (2D View)  ..................................................  Optional 

 * 

* 

Figure 6-18, continued… 
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The records consist of fixed positioned fields of defined length. Each field is 

defined and described regarding meaning and possible alternatives, e.g. codes. 

In figure 6-19 examples of record definitions are shown. 

 

 

BOB (Building Object) 
Recordnumber       ExtendedCode          Formtype             Intelligence  

      Recordtype            ID              Change              TypeName/ 

          BuildingObjectCode                  Status            Symbolname 

5     3   9        8        12           2  1 15              1 12     

00022 BOB 363.0___ 12______ 12345_______ 10 M RevA___________ I VG120______ 

 

 

LCO (Line Co-ordinates)in mm 
Recordnumber                          Relationtype  

      Recordtype                        Visibility 

          X         Y         Z           Pointtype  

5     3   9         9         7       1 1 3 

00033 LCO ________0 _______25 ______0 L V 0__ P1 

00034 LCO _______50 _______25 ______0 A V 0__ P2 

00035 LCO _______50 ________0 ______0 + I 0__ P3 

00036 LCO _______75 ________0 ______0 E I 0__ P4 

 

 

 

A = Arc 

+ = Origo for the circle 

E = End of line 

V = Visible 

I = Invisible 

 

 

 

 

 

 

 

Figure 6-19. The record definition for BOB and LCO. 

 

The physical file has a simple structure and one purpose is to make it readable 

for persons working in the projects or as administrators of information ex-

change in the organisation. An example of information related to a wall with the 

formtype plate 1 defined by a polyline is presented in figure 6-20. For a more 

detailed presentation see the NICC II report [Tarandi et al.1994]. 
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 00033 BOB 363      7        694798       10 N GRANSKNINGSKOPIA                   

 00034 ATT 1  I TJKL     Tjocklek                                                 

 00035 VAL 50                                                                     

 00036 ATT 1  I HOJD     Vägghöjd                                                 

 00037 VAL 2700                                                                   

 00038 ATT 1  I DH       Höjd uk vägg                                             

 00039 VAL 0                                                                      

 00040 RLO 0104                                                                   

 00041 LDE                                                                        

 00042 LCO  59630.04  34600.04    0.00 L V 0                                      

 00043 LCO  59630.05  34700.04    0.00 L V 0                                      

 00044 LCO  59855.05  34700.04    0.00 E I 0                                      

 00045 VIE TOPP     0                                                             

 00046 BSP 370      5        694563       N GRANSKNINGSKOPIA                      

 00047 ATT 1  I HOJD     Rumshöjd                                                 

 00048 VAL 2700                                                                   

 00049 ATT 1  C RUMSNAMN Rumsnamn                                                 

 00050 VAL KOPIERING                                                              

 00051 ATT 1  C RUMSNR   Rumsnummer                                               

 00052 VAL 4081                                                                   

 00053 ATT 1  C RKLASS   Rumsklass                                                

 00054 VAL KONTOR                                                                 

 00055 ATT 1  C YTSKTG   Ytskikt golv                                             

 00056 VAL Linoleum                                                               

 00057 ATT 1  C UPPV     Uppvärmning                                              

 00058 VAL t                                                                      

 00059 RLO 0104                                                                   

 00060 LDE                                                                        

 00061 LCO  17775.05  23125.05    0.00 L V 0                                      

 00062 LCO  17175.05  23125.05    0.00 L V 0                                      

 00063 LCO  17175.05  22945.05    0.00 L V 0                                      

 00064 LCO  15975.05  22945.05    0.00 L V 0                                      

 00065 LCO  15975.05  23125.05    0.00 L V 0                                      

 00066 LCO  15725.05  23125.05    0.00 L V 0                                      

 00067 LCO  15725.05  26345.04    0.00 L V 0                                      

 00068 LCO  22995.05  26345.04    0.00 L V 0                                      

 00069 LCO  22995.05  23250.05    0.00 L V 0                                      

 00070 LCO  20875.05  23250.05    0.00 L V 0                                      

 00071 LCO  20875.05  23075.05    0.00 L V 0                                      

 00072 LCO  17775.05  23125.05    0.00 E I 0                                      

 00073 VIE TOPP     0                                                             

 00075 TXT  8.2  2.0   100.0 0010 NORM-U     201 0.35 000000                      

 00076 VAL 4081                                                                   

 00077 DPO  19100.05  25189.63    0.00                                            

 00078 2DV  1.0000  0.0000                                                        

 00079 TXT 19.3  2.0   100.0 0005 NORM       201 0.18 000000                      

 00080 VAL KOPIERING                                                              

 00081 DPO  19100.05  24934.32    0.00                                            

 00082 2DV  1.0000  0.0000                                                        

 00083 TXT 19.0  2.0   100.0 0010 NORM       201 0.35 000000                      

 00084 VAL 23.4 M2                                                                

 00085 DPO  19100.05  24369.52    0.00      

 00086 2DV  1.0000  0.0000 

 

Figure 6-20.  Example of a NICC physical file.  
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6.4 NICC and other Information in the Construction Phase 

NICC manages information as Results of production activities. This is actually 

what a client in general purchases, not the activities. Quality demands and time 

limits concern the final results, although the intermediate activities and results 

might be of interest as well.  

The decomposition level of the building, where the building objects are, can be 

seen as aggregations of production results, in NICC called building object parts. 

These two levels, building objects and production results, are the normal design 

levels. When the information is transferred to the next phase in the process, i.e. 

to the contractors, it has to fit into the conceptual schemata, which are implicit 

or explicit in their IT applications. In figure 6-21 the relation between the con-

cepts of NICC and construction management concepts are shown. These rela-

tions are used in the prototype in chapter 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-21. Relation between the concepts of NICC and construction 

management concepts. 
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products, worker time and machine time). These concepts and the relation be-

tween them are seen as industry practice in Sweden today. In the beginning of 

the 1970s the leading contractors in Sweden worked together in an industry pro-

ject to define these concepts and relations. The result was the cube metaphor [5-

företagsgruppen 1972]. The three directions of the cube could be seen as the 

project divided into result types, activity types or resource types. Through sum-

mation in any of the directions the total cost could be achieved. 

In the work of cost estimation, scheduling and planning by the contractor the in-

formation is structured according to the building objects as results with activi-

ties and resources. This is done with the help of recipes in the various tools for 

cost estimation that the contractor has.  

The shortcoming of today’s systems is usually that as soon as the resources are 

calculated from recipes, their origin is lost. They are lumped into large produc-

tion activities like ”all gypsum board on floor 4” and cannot be traced back 

when changes are made in the design and ought to be propagated out into all 

systems again. 

 

6.5 Information transfer based upon NICC 

In order to use components from the early design phase all the way to as built 

documentation, it is necessary to replace simple, generic components with 

gradually more precise and comprehensive information as represented in sup-

plier specific components. In figure 6-22 the process of gradual determination 

of the components is shown.  

 

 

 

 

 

 

 

 

 

Figure 6-22. The process of gradual determination of components. 
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Essential to this exchange of component version/type is the placement of refer-

ence points and the initial rotation of components.  

The conceptual schema of NICC is a simplified and relatively small one, onto 

which other models of CAD systems, drawing or model oriented, have to map 

their own structured data. This should make it possible for a large number of 

companies to accept and understand the schema. Each discipline has its own, 

more or less detailed conceptual schema, that has to interface with the minimal 

conceptual schema of NICC.  

Two disciplines, applications, with different conceptual schemata can commu-

nicate via mapping to the minimal conceptual schema of NICC, see figure 6-23. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-23. Information exchange using NICC as an intermediate format. 
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2. A mapping, which could be automatic but is preferably manually defined, is 

carried out where all the object classes of schema A are mapped to the ge-

neric classes building_object or space, with the type attribute set to the code 

for the respective class in the NICC table for building_object codes or space 

codes. The geometry and attributes of the objects are all mapped to the ge-

neric structure of NICC. (The prototype mapping from MCAD to NICC in 

chapter 7 is example of this.) 

3. In parallel all the relations of interest for the receiving system are mapped to 

the generic connection class. The connected objects are identified and stored 

as attributes of the connection objects. 

4. The receiving system has also made a mapping of the NICC table for build-

ing_object and space codes to its internal class structure. In addition, geome-

try, attributes and connections are mapped to the proper concepts. 

5. The objects are stored in system B according to their internal structure and 

level of detail. System B could be another CAD system, but could also be a 

planning tool as in the prototype in chapter 7. 

 

6.6 Conclusions on the NICC conceptual schema  

The NICC conceptual schema is defined in a formal notation of its own for the 

syntax and for the format for the exchange file. In this chapter, based also on the 

report NICC II [Tarandi et al. 1994], this has been transformed into an EX-

PRESS-G schema to explain the important concepts in the NICC format. 

Important features of NICC are: 

 a limited number of classes where the building object, building space and 

building system are the central ones 

 the geometry/shape based approach to identifying the objects to which the 

functional classification is then associated 

 the use of national classification tables as a basis  

 the definition of geometry/shape using an implicit geometry based on form-

type 

 the use of implicit/attribute driven geometry to enable receiving applications 

to automatically use and understand the information 

 the use of human readable ASCII files for the information exchange 

 the facility to associate building objects with multiple systems  
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The use of the NICC conceptual schema enables an incremental increase of in-

formation content in the exchanged files. There are possibilities to send graph-

ics only, implicit 3D geometry based on formtypes and the combination of the 

two. This makes it possible to combine component oriented information transfer 

with the drawing oriented paradigm which dominates in the construction indus-

try today.  
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7 PROTOTYPE AND TEST STUDY 

  

This chapter describes a prototype for information exchange based on the 

NICC conceptual schema. The information is created in  a CAD environ-

ment, converted into a NICC file and transferred into a relational data-

base (Access). From the database three different file types are produced to 

be used as input to a scheduling package (MS Project), a cost estimation 

package (Calc3) and a planning tool (PreFacto). To test real information 

exchange a study was carried out with input from an office building. 

 

7.1 Organisation of the prototype work 

The issue studied in this prototype work was information exchange from design 

to production. Three typical cases of use of information in the production phase 

were tested to see to which extent the NICC conceptual schema fulfils the needs 

for information exchange from design to production, i.e. if the information in 

the NICC file is sufficient for current applications for construction planning, 

scheduling and cost estimation, and if it is feasible to implement the transfer. 

According to the requirements regarding information content described in chap-

ters 2 and 5, the building objects should have classification and type, geometry, 

quantity, identity and location. All three cases were using input from the same 

CAD application, MCAD, which is an application built on top of Medusa from 

Computervision, see figure 7-1.  

From design we get the quantities as designed results on building object or 

building object part level, and during the construction phase resources are allo-

cated to produce the production results through production activities, see sec-

tion 6.4. The building objects are classified according to the NICC table for 

building object codes, based on the BSAB functional classification, i.e. the P2- 

table [Svensk Byggtjänst 1987]. 

These cases represent information transfer between heterogeneous systems, i.e. 

they take information from CAD files and manipulate it to fit other tools for dif-

ferent kinds of calculations:  

 via NICC to Calc 3, a cost estimation system 

 via NICC to MS Project, a scheduling system 

 via NICC to PreFacto, a building object based planning tool 
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Figure 7-1. Overview of the prototype environment. 

 

Information was generated in the CAD application MCAD [Tarandi 1988]. 

MCAD was a research and development project which started in 1985 with the 

objective to do material take off from CAD-drawings, based on building ob-

jects. The object structure in the conceptual schema in MCAD is relatively simi-

lar to the one of NICC, as they are both using building objects as information 

carriers. The information from MCAD is mapped to the NICC conceptual 

schema and instantiated in a NICC physical file. The file is then read by a Vis-

ual Basic program and the information is put into tables in a relational database 

(Access). The relational database is emulating the object-oriented schema of 

NICC, within the restriction of the entity-relational data model. 

From the database different selections can be made and the tables can also be 

read by outside tools. In the case of time scheduling, tables with recipes for cost 

and time were added and a formatted ASCII file was produced to be input to a 

scheduling package, MS Project. For the cost estimate package, Calc3, data can 

be extracted from the tables and a de facto format, SBEF [SBEF 1985], was 

used to create an input file. In the third case with the planning tool PreFacto 

[Jägbeck 1996], data was extracted from the tables and put into a structured file 

using the STEP physical file format [ISO/TC184/SC4 1993c].  

To test with real information, a test was carried out with input data from an of-

fice building in Stockholm. In the study a limited set of building object classes 

“MCAD”

CAD system

DB

NICC

tool

F77

NICC

ASCII

file

NICC

tool

VB

DB

“NICC database”

ACCESS

”PREFACTO”

PLANNING
”MS PROJECT”

TIME SCHEDULING

”CALC3”

COST ESTIMATION

STEP

Physical

file

Prefacto

tool

VB

SBEF

tool

VB

COST / TIME

Tabular

ASCII

file

SBEF

ASCII

file

MCAD output file

PreFacto

input file

MS Project

input file

Calc3

input file



Prototype and Test Study 

 135 

from the architectural domain were used. This was due to restrictions in the 

MCAD system and to limitation in scope, as the purpose was to show the prin-

ciples and not study the quantitative effects of the information flow using a 

complete set of information. 

 

7.2 Software and conceptual schemata   

In the prototype work the following software was used: 

 MCAD - an application for material take off on top of the 

    CAD-system Medusa from Computervision 

 NICC database - a set of tables in the relational database Access 

    designed to emulate the NICC conceptual schema 

 PreFacto - a planning tool using building element information as 

    input. Prefacto has been developed by EuroSTEP 

 MS Project - a time scheduling package from Microsoft 

 Calc3 - a cost estimation system from Bygganalys 

 

The choice of MCAD for the creation of design information was based on the 

facts that it was available and it could create building object information on the 

level of individual instances.  

The Access database from Microsoft was a more evident choice, as it has a very 

integrated set of tools available, like Visual Basic, and is easy to use for proto-

typing. For real implementations other databases might be considered.  

The systems in the prototype have slightly different conceptual schemata when 

it comes to structure, concerning the included classes. To communicate between 

the systems a mapping mechanism was required. This was enabled through the 

Visual Basic 4.0 (VB) programs operating on various files. 

 

MCAD 

The MCAD tool was developed for material, i.e. building objects, take off from 

the CAD system MEDUSA from Computervision. It was the result of a research 

and development project carried out by four Swedish construction and construc-

tion management companies starting in 1985 [Paulsson et al. 1990]. When the 

research part of the MCAD project was finished in 1988, the resulting software 

was developed further by the companies in co-operation.   
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Software 

Important characteristics of MCAD are: 

 Type objects or generic objects are used as a basis for the object description  

 Implicit geometry is used 

 Locations are used as a way of grouping objects 

 Each class has pre defined and mandatory attributes 

 It uses industry practice for classification (BSAB system) 

 

All the company, department or project specific data defining attribute sets of 

type and generic building objects are stored in one database, see figure 7-2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-2. Data flow in the MCAD environment.  

 

The type and building objects are defined by unique codes, i.e. building object 

codes. For each of the objects there is a set of attributes with pre defined or user 

definable values. When the object is instantiated, the attribute names and values 

are stored in the instance database. A pointer, to the database, is stored in the 

Medusa drawing as an attribute of the reference geometry for the object.  
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MCAD conceptual schema 

The MCAD conceptual schema is simple and lacks advanced connections be-

tween classes. An interesting construct is the concept of type and littera occur-

rences. In MCAD the user can chose between an instance of a class with all at-

tributes of the occurrence set and an instance where variable numbers of the at-

tributes are free for the user to define by value. In both cases the space oriented 

attributes like co-ordinates and rotation are added. In the conceptual schema in 

figure 7-3, the different attribute types are not explicitly shown, as the control 

of type and littera attributes is handled through the external type/generic data-

base.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-3. MCAD conceptual schema. 

 

In MCAD, the space concept was treated as an object on the same level as the 

building object by the contractors.  

From MCAD information was extracted and mapped to the NICC conceptual 

schema, and put in a text file. The file was structured according to the NICC file 

format, see chapter 6. 
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NICC E-R schema in a relational database 

Software 

The NICC conceptual schema was implemented as an entity-relation schema on 

top of Access, emulating an object oriented environment. The relational data-

base had to use a shell to protect and support the object structure and informa-

tion. Via the Visual Basic tool, the individual tables in the NICC database were 

accessed. Data was read from the NICC file and put into the tables. For the 

building objects, BOB, the unique identifier from MCAD was used as the key. 

In other tables, for example attributes, the key was uniquely defined by Access 

as a counter.  

 

Prototype NICC conceptual schema 

NICC is described in detail concerning conceptual schemata etc. in chapter 6. 

Here a part of it is shown and related to the MCAD concepts. The mapping is 

not one to one, but is never the less quite close, see figure 7- 4. In this prototype 

three of the formtypes in NICC (plate 1, slab and symbol) were chosen for im-

plementation. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-4.  Comparison of MCAD with a sub set of the NICC conceptual 

schema.  
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The NICC conceptual schema as an entity-relation schema in the relational da-

tabase Access from Microsoft is illustrated in figure 7-5. The graphical notation 

for the E-R diagram is following the SVEA method developed by among others 

IRM Consult [IRM 1993]. The method contains the concept of frame object, 

which emulates sub-classing which is missing in the traditional E-R notation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-5. The Entity-Relationship diagram defining the relational data-

base implementation of the NICC schema.  
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PreFacto is a product model based planning tool for the building industry. It 
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the project was to get better working conditions for the planning people at the 
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ing. An important concept in PreFacto is recipe, i.e. a description of how parts 

and resources can be combined into a whole.  

 

Software 

Some characteristics of the tool are: 

 PreFacto is based on the classification and information modelling tradition 

(BSAB, NICC, KBS-model) of the Swedish construction industry 

 It was developed using modern software engineering through model driven 

code generation  

 The system was built using an object-oriented database, POET 

 

Data can be input into PreFacto using the STEP physical file format [ISO/ 

TC184/SC4 1993c] and structured using the PreFacto conceptual schema. As 

output MS Project and MS Excel from Microsoft can be used to automatically 

export some types of reports from PreFacto. 

PreFacto uses only a minimum of information from the design phase for each 

building object [Jägbeck 1996]: 

 A unique identifier - the key to manage design changes 

 The geometry (implicit) - the key to quantity calculations 

 The type - the link to knowledge bases 

 

Other characteristics are: 

 Building objects are called building parts 

 All building objects are defined as being a type of a class, i.e. all attributes 

and values are the same for all instances of the same type  

 The recipes are connected to the type and stage in combination  

 The recipes consist of sub-recipes, which in turn consist of resources 

 The resources can only handle cost or time per unit. If there is a need for 

both, two records with different codes are needed, one for cost and one for 

time. Today in PreFacto, only time is captured and used in the planning and 

scheduling parts of the software. 
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The PreFacto conceptual schema 

PreFacto has one internal and one transfer schema. In this paper only the trans-

fer schema [Falk 1996] is discussed, see figure 7-6. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-6. Comparison of a sub set of the NICC conceptual schema with 

the PreFacto transfer schema. 

 

In the transfer schema object classes and attributes not handled in the NICC 

conceptual schema are marked. That is, NICC has no explicit definition of 

them, though some can be derived from geometrical implications. 

In PreFacto all instances of a building_part_type have the same recipe as long 

as they belong to the same stage. Different stages can for the same type have 

different recipes connected [Jägbeck 1996], see figure 7-7. 

Inside PreFacto each building_part_type can be linked to a recipe. The recipe 

consists of one or many sub-recipes which are linked to resources work / mate-
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Figure 7-7. PreFacto basic concepts [Jägbeck 1996]. 

 

In the PreFacto system activities are not explicitly defined. They can be seen as 

implicitly related one to one on recipe or sub-recipe level. That is, a building 

part object of one building part type, with a BSAB P2-code, has a correspond-

ing activity to produce it. On the sub-recipe level, where parts of the building 

part are described and called production results, the corresponding activity is 

called production activity. 

 

 

MS PROJECT  

Microsoft Project is a scheduling tool [Microsoft Version 4] based on activities 
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Other characteristics are: 

 Import and export function using ASCII files 

 Levels of activities, where main activities like headings summarise the activi-
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Figure 7-8.  Internal concepts of MS Project, interpretation [Microsoft 

Version 4]. Informal notation for Units of Functionality.  

 

The application Byggplanering on top of MS Project was used in the prototype. 

It uses a sub set of the user interface in MS Project, but uses the same tools for 

import and export. In this research Byggplanering was only used for the purpose 

of presenting the graphics of the activities. 

 

 

CALC3 

Calc3 is a cost estimation tool for design and construct projects and pre de-

signed projects [Bygganalys 1995]. It is developed by Bygganalys, and is one of 

the most common standard systems for cost estimation in Swedish construction 

industry. One of the import functions in Calc3 is supporting the SBEF format 

[SBEF 1985]. The format is defined in figure 7-22. 

In the tool recipes can be connected to the base parts, see figure 7-9. Many dif-

ferent output alternatives for production management, cost analyses etc. exist. 

Calc3 is one out of a complete set of modules for all different stages of the 

building process.   
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Figure 7-9.  The structure of concepts handled by Calc3 [Bygganalys 

1995].  

 

Characteristics of the Calc3 software are: 

 Can manage 1,000 building objects in recipe form  

 Can export to external systems via an SBEF file  

 Can export and import to the other modules in the Calc family 

 

Today’s version of Calc3 does support building objects, but not all of them ac-

cording to the BSAB system table P2. The concept of base part is almost 

equivalent to building object, but can also be an aggregation of a set of building 

objects. This has to do with practical questions rather then technical limitations. 

For example an exterior wall is defined with a BSAB P2-code and is including 

the set of building objects it consists of. The parts could be outer facade layer 

(brick) and load bearing outer wall (concrete) including insulation. This is due 

to the fact that when changing the type of outer wall, all the parts are also 

changed, in most cases. Therefore it is easier to have concepts like the complete 

outer wall rather then the individual building objects, which have to be man-

aged individually. 
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This indicates the need for concepts which can manage both aggregation and di-

vision of building objects. A number of building objects must be possible to 

group into one object from the complex classes, on different levels. One level is 

the so called main group, e.g. structure and foundation. Another level is the 

building, where objects from different main groups can be grouped. Today there 

is no common classification for this, which makes it a decision for the individ-

ual company and project. 

 

7.3 A Test in Practice 

The chosen project was a 7-storey office building with approx. 1,200 m
2
 per 

storey, and altogether ca 8,000 m
2
. Storey 4 is shown in figure 7-10. In the test 

project the architects’ drawings, and the building objects defined by them, were 

used. Typical building objects were walls, doors and windows. 

The data set included (approximate numbers):  

 20 building object classes (including varieties of the ca 10 main classes) 

 2,000 instances from the chosen building object classes 

 500 spaces 

 10,000 attribute values connected to the building objects, i.e. on average 5 

per instance  

 

In the following the procedures used for importing and exporting the data are 

presented. 
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Figure 7-10.  Floor plan, storey 4, of the test study. 
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Input from MCAD 

From the menus building objects for instantiation are chosen. The available 

type/littera/generic objects are displayed. The current set of attributes are shown 

on another menu. This information is taken from the type/generic database, see 

figure 7-11. The values, some of them default, can be changed via the menu. 

The accepted values are stored in the instance database. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-11. MCAD: menus for selecting type/generic and for setting val-

ues of current attributes.  

 

In the MCAD drawing, the reference geometry of the wall, in this case, is stored 

with a pointer to the database. The pointer is the unique ID in the project, cre-
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ated by MCAD. The reference geometry of walls is in most cases the centre line 

and it is not displayed on the standard drawings. In figure 7-12 these lines are 

shown as dashed lines. The reference points for doors, toilets etc. are not shown 

here. They are stored in another layer of the drawing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-12. MCAD: reference geometry for walls. 

 

From the MCAD drawing and database a NICC file was created, see figure 7-

13. For each of the instances all the attributes with values were put into the file. 

In NICC there is a concept of catalogue attributes which can refer to files al-

ready transferred. This construct was not utilised in this prototype. 

The geometry objects are self contained, i.e. they have complete sets of co-

ordinates and attributes attached to the instance in the NICC file. The NICC file 

was read by a Visual Basic program and the instances were put into tables in the 

Access database. In figure 7-14 the result of a query for building object geome-

try, BOB-geometry, is shown. 
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08054 BOB 351      4        624169       10 N GRANSKNINGSKOPIA                   

08055 ATT 1  I TJKL     Tjocklek                                                 

08056 VAL 145                                                                    

08057 ATT 1  I HOJD     Vägghöjd                                                 

08058 VAL 3000                                                                   

08059 ATT 1  I DH       Höjd uk vägg                                             

08060 VAL 0                                                                      

08061 RLO 0104                                                                   

08062 LDE                                                                        

08063 LCO  17522.55  40775.04    0.00 L V 0                                      

08064 LCO  17522.55  40950.04    0.00 L I 0                                      

08065 LCO  17522.55  41550.04    0.00 L V 0                                      

08066 LCO  17522.55  42160.04    0.00 L V 0                                      

08067 LCO  17522.55  43010.04    0.00 L V 0                                      

08068 LCO  17522.55  43100.04    0.00 L V 0                                      

08069 LCO  17522.55  44210.04    0.00 L V 0                                      

08070 LCO  17522.55  44300.04    0.00 L I 0                                      

08071 LCO  17522.55  45150.04    0.00 L V 0                                      

08072 LCO  17522.55  45760.04    0.00 L V 0                                      

08073 LCO  17522.55  46610.04    0.00 L V 0                                      

08074 LCO  17522.55  46700.04    0.00 L V 0                                      

08075 LCO  17522.55  47810.04    0.00 L V 0                                      

08076 LCO  17522.55  47900.04    0.00 L I 0                                      

08077 LCO  17522.55  48750.04    0.00 L V 0                                      

08078 LCO  17522.55  48755.04    0.00 E I 0                            

08079 VIE TOPP     0             

 

Figure 7-13. MCAD output file in NICC format. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-14. NICC database: result of a query on building object geometry. 
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In the relational database tables for quantity rules and recipes have been added 

to fit into the classes imported from MCAD. From the relational database, struc-

tured according to NICC, data can then be retrieved through arbitrary queries. 

In this prototype three types of files were created: 

 a PreFacto input file in STEP part 21 format, see figure 7-15 

 a MS Project input file, see figure 7-20 

 a Calc3 input file in SBEF file format, see figure 7-22 

 

 

PreFacto 

From the NICC database a STEP part 21 file, see figure 7-15, was imported to 

PreFacto. It contained all data needed for the PreFacto application. 

 

  

 #2434=point(59880.05,29225.04,0); 

 #2435=point(59880.05,29225.04,0); 

 #2436=point(59880.05,29570.04,0); 

 #2437=point(59880.05,30480.04,0); 

 #2438=point(59880.05,30725.04,0); 

 #2439=polyline(#2435,#2436,#2437,#2438); 

 #2440=shape(#2439,#2434,0.0000); 

 #2441=id(610603,'nicc'); 

 #2442=attribute('thickness','50','mm'); 

 #2443=attribute('height','2700','mm'); 

 #2444=attribute('DH','0','mm'); 

 #2445=boid('3637','363-7','.n.','950412','363-7',(#2442,#2443,#2444),#2441,#2440); 

 

Figure 7-15. PreFacto input file. 

 

In PreFacto the abstract shape, i.e. the reference geometry, is shown in plan 

views. It works as an object browser, see figure 7-16. The objects have one or 

more polylines or one point plus orientation, independently of building object 

type. That is, they have no explicit form type stored. Depending on quantity 

rule, calculation of area, volume and numbers are carried out. For some types, 

critical attributes like thickness are needed.  
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In this prototype the following representations of the reference geometry were 

used, which in most cases follows the proposal of NICC. For other classes, 

adoption of the choice of MCAD was accepted and used: 

 wall:  centre line 

 column: a rectangle 200 x 200 mm, independent of actual size, with the 

  reference point in the middle 

 door: rectangle with width from instance and protruding from the wall 

  on the side without the blade of the door 

 window: similar principle as for doors 

 toilet: a triangle with one corner in the reference point and pointing 

  in the direction of the y-axis of the 2D placement of the instance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-16. PreFacto: plan of floor 4, building objects.  

 

In parallel with the building objects the rooms are handled. They are defined by 

their boundary line, see figure 7-17. In MCAD this line is automatically gener-

ated as a trace of the surrounding walls and other room delimiters. PreFacto 

handles the rooms in a similar way as the building objects with types, attributes, 

quantity rules and recipes connected to them.  
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Figure 7-17. PreFacto: plan of floor 4, rooms (spaces). 

 

From the list of building object types connections to recipes can be made. After 

calculation of quantities according to the quantity_rule for the recipe, the result 

can be displayed, see figure 7-18.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-18. PreFacto: building objects and production results with quan-

tities. 
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The quantities are transformed into man hours for the related activities. From 

these quantities of man hours for selected building part classes, activities in MS 

Project can be generated. In the first attempt all activities are placed in day 0 

without any relationships in between. Figure 7-19 illustrates this. From MS Pro-

ject the reverse information transfer can be done. In this case the individual 

building parts in PreFacto receive the planned data like start and finish time. 

From PreFacto other lists with quantities can be extracted as MS Excel spread-

sheets with the same structure and division as the time schedule in figure 7-19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-19. PreFacto: time schedule generated as output without relations 

between activities. 

 

MS Project/Byggplanering 

The NICC database contained all data needed from the designer for the time 

scheduling application. In the database the contractors hour and cost factors 

were manually added in a separate data table. This is in practice done in a cost 

estimation application like Calc3, see this chapter, where resources are associ-

ated to the various building object codes. Here the figures are only rough esti-

mations to simulate a real project. 
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From the NICC database, building object types were sorted and summarised ac-

cording to location. The resulting table was exported from Access as a text file 

with tabs, see figure 7-20. In the element table of Access all the headings of the 

BSAB P2-table are included to be able to export them together with the build-

ing object totals. 

 

 

1 "33 STRUCTURE" "h" "cost" 

1 "331-1 Wall, interior, load bearing, concrete" "72.7h" 103930.00 

1 "332-101 Column, load bearing, rect., concrete" "39.1h" 73500.00 

1 "333-1 Wall, external, load bearing" "51.2h" 20088.00 

1 "35 FACADES" "h" "cost" 

1 "351-4 Wall, facade, steel/sheet-metal" "194.5h" 584832.33 

1 "355-101 Window, facade, single pane" "55h" 133320.00 

1 "36 INTERNAL SPACE ENCL." "h" "cost" 

1 "363-01 Wall, interior, single layer" "0.9h" 2389.66 

1 "363-7 Wall, interior, gypsum" "593.2h" 561656.75 

1 "365-201 Door, interior, single blade" "37.5h" 165825.00 

1 "365-202 Door, interior, single blade, steel" "1h" 4000.00 

1 "365-221 Door, interior, light metal, single blade" "0.5h" 2111.00 

1 "365-304 Gate, interior, folding, double" "0.6h" 3213.00 

1 "365-424 Panel, interior, light metal, with door" "1.2h" 10222.00 

1 "366-122 Stair, interior, circular, concrete" "10h" 24224.00 

1 "37 INTERNAL COV., FITTINGS" "h" "cost" 

1 "375-11 Washbasin, 500 x 350" "6h" 3072.00 

1 "375-21 Toilet, floor model" "5h" 3330.00 

1 "375-68 Shower cabin, 900 x 900" "1h" 511.00 

1 "375-81 Laundry sink, 400 x 400" "1h" 411.00 

1 "376-15 Cooker, 600" "1h" 2111.00 

1 "376-21 Fridge" "0.5h" 1333.00 

1 "377-161 Kitchen sink" "1.5h" 2500.00 

1 "377-2 Low cupboard" "1.1h" 1500.00 

1 "377-216 Low cupboard, 600" "0.8h" 2880.00 

1 "377-3 High cupboard" "2h" 1110.00 

1 "377-341 High cupboard, corner, 600 x 600" "1h" 515.00 

1 "378-13 Shelf " "1.6h" 1244.00 

 

Figure 7-20. MS Project input file in proprietary MS Project format. 

 

The import function in MS Project loads the production results with their at-

tributes time and cost. In this import function the transformation takes place 
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from result to activity. The imported time schedule has all the activities begin-

ning at the start date. To change this, the activities can then be connected, bro-

ken down in multiple levels and result in the same plans as if they were done by 

a planner, see figure 7-21. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-21. MS Project: time schedule after import and sorting of the ac-

tivities. 

 

 

CALC3 

The Access database contained all data needed from the designer for the cost es-

timation application. 

From the NICC database a text file in the SBEF format [SBEF 1985] was gen-

erated. In figure 7-22, four walls, building part code 363-7, are shown together 

with definitions below for Quantity record M and Text record T. The figures are 

references to the column positions for each variable field. 
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M0315          363            01031 000000836 m2    

TCode: 363-7        

TQuantity Measure: BVAREA 

M0316          363            01031 000001266 m2    

TCode: 363-7        

TQuantity Measure: BVAREA 

M0317          363            01031 000001016 m2    

TCode: 363-7        

TQuantity Measure: BVAREA 

M0318          363            01031 000001041 m2    

TCode: 363-7        

TQuantity Measure: BVAREA 

_                                   _ 

M = Quantity record  

 2-5 Quantity record number 

     6-15 Drawing reference 

               16-18 Building part code  

                  19-30 Type activity code 

                              31-35 Location code (2+2+1)      

                                   36 Quantity sign (blank = + and - is -) 

                                    37-43 Quantity, Integer part 

                                           44-45 Quantity, Decimal part 

                                             46 Quantity type (Blank = numerical Q) 

  X = non defined Q 

                                                               - = info. record 

                                              47-50 Unit 

                                                  51 Dividing code (blank = no div) 

  U = divided 

_  _                                                                   

T = Text record  

 2-41 Text 

 

Figure 7-22. CALC3 input file in the SBEF format. 

 

As the Building part code only consists of 3 characters it could, with today’s 

code table, only be used as a sorting information for quantities on the type ac-

tivity level, i.e. production result. A theoretical way of exchanging building ob-

jects with a full code is to use the text record and decode the text string as the 

building part code. In the same way the quantity measure could be exchanged. 

The example BVAREA stands for Gross Vertical AREA. 

Inside the CALC3 system quantities are defined with up to 6 characters on the 

building object level. The level is not strictly building object, as the mixture of 

simple and aggregated building objects, called base parts, is allowed.  

At the end when the contractor receives the information, the base parts must be 

split into building objects as they are the basis for much of the planning on the 

construction site. 
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7.4 Conclusion on prototype and test study 

The prototype and test study was carried out by one person in a small scale en-

vironment with a PC and Windows 3.1 from Microsoft. The various applica-

tions were made only to enable the focused information exchange based on the 

defined formats of the involved applications. Interfaces, data storage, controls 

etc. were developed only to the lowest level of functionality, i.e. to be used by 

the researcher. 

The purpose of the prototype was to test if NICC could be used to exchange, 

from design, the information needed in construction for some typical applica-

tions. 

The study showed that the three required input files for the planning, the sched-

uling and the cost estimation applications could be created and used by the re-

spective applications. In the cost estimation tool the restrictions in the format 

prevented a more detailed information exchange. One solution could be to have 

instructions in the optional text records of the file where more detailed codes 

and quantity types could be placed. 
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8 EVALUATION  

 

To test the idea of using a minimal schema to handle the requirements 

specified in chapter 5, the proposed NICC conceptual schema was tested. 

It was implemented in a prototype and a test was carried out. This chapter 

summarises and evaluates the findings from the test.  

 

The NICC conceptual schema was evaluated in the prototype and test case. In 

particular it was compared to the specified functional requirements from chapter 

5. The schema is a representative but not perfect example of a minimal schema. 

The reader should bear in mind that the requirements and the NICC schema 

have evolved partly in parallel, influencing each other in successive stages of 

the research, not in a strictly linear sequence with the requirements preceding 

the schema definition. 

 

8.1 Evaluation of the prototype and the test case 

In the test case a limited set of building object classes (appr. 20 ) and instances 

of these (appr. 2,000) was studied. For the complete 8,000 m2 building, includ-

ing  the objects from all disciplines, the number of information units could be 

estimated to be: 

 100 - 200 building object classes 

 10,000 - 20,000 instances of these classes 

 500 - 600 spaces 

 50,000 - 200,000 attributes of the building objects 

 

These numbers indicate that, although a break down of the building into quite 

large pieces like the building objects is used, high processing speed and large 

memory must be available to support the type of applications used in this case 

study. Performance will be very important to the users when implementing con-

ceptual schemata like NICC. 
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8.1.1 Evaluation of the information exchange to the receiving ap-
plications 

Planning (PreFacto) 

The NICC model transfers enough information to supply PreFacto with data as 

a start/base for production planning. The prototype showed, nevertheless, that 

the type concept needs further elaboration. The possibility of having individual 

attributes, i.e. values, attached to the instances of a type would have been 

needed. 

Building objects as defined by the designers are not always divided in a way 

that suits production. In PreFacto there are two ways to divide them further - 

splitting and sectioning.  It is possible to section an outer wall in building ob-

jects and use the same quantity measure for both if one is only looking for 

rough estimates. For a more precise calculation, if it is needed, the building ob-

jects should have individual quantities emanating already from the designer.  

Only one quantity rule is used per building object type. This is enough for to-

day’s receiving systems, but should be developed to support future applications. 

 

Time scheduling (MS Project) 

As the tables for time and cost were added to the NICC relational database in 

Access, the exported file with summarised object information on the building 

object level was ready to be imported into MS Project with no changes. The 

later stages of the time scheduling process needed no other information from the 

design stage. 

In traditional time scheduling the input information comes from the cost estima-

tion tools where resources are added and connected to summarised “production 

result types”. As long as the time and costs are provided, the time scheduling 

system can be used in its full capability. The process, and also the data for cost 

and time, must be handled by tools with commercial potential, i.e. they need to 

handle the company internal real data for cost and time in a professional way. 

The use of the NICC relational database for this in the case study was only for 

the purpose of generating data which is as close to reality as possible.  

 

Cost estimation (Calc3) 

The NICC model has on the building object level all information needed for the 

cost estimation systems used in the Swedish construction industry today. The 

format used, the SBEF-format for quantities [SBEF 1985], supports only three 

character codes for the building objects, which only enables the use of high 

level descriptions. The more detailed definitions have to be done using the text 
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fields in the file, which later have to be interpreted by the receiver. In the proto-

type the building object code was placed in the text field for this purpose. 

The software tool  studied has been used for more than 10 years of production 

practice, but only for export and import between quantity surveyors and con-

tractors. The conclusion is thus that the information cannot, today, automati-

cally be imported from a designer to a contractor based on the building objects. 

It can only be done based on the parts of the building object, i.e. the production 

results. In reality this is never the case, as the designer has no access to that type 

of information.  

Today’s practice is that the implicit information from the designer about build-

ing objects is interpreted by a quantity surveyor in a specialist or construction 

company. It is first in the systems of the cost estimator that the building object, 

as a digital object, is created, see figure 8-1. As basis for this the design draw-

ings in paper or digital form are used more or less manually. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8-1.  Relations between information production and input to cost 

estimation applications today and tomorrow.  

 

Conclusion on input to application software 

The data exchange, i.e. the input to the applications, had to be adjusted for each 

application as there are no standards yet for object-oriented input formats in the 
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domain of construction software. In some cases, for instance for the cost estima-

tion tool, the input format is based on information not supplied by the designer. 

In spite of the non-standardised input formats the information structure and con-

tent of the NICC files fit the receiving applications relatively well. 

 

8.1.2 Evaluation of the exchanged information 

The prototype and test case shows that the delimitation and aggregation of de-

signed building objects influence all the systems receiving that information. If 

there is a need down stream in the information chain to split or divide an object, 

it will be difficult to automatically propagate changes from the designer to the 

parts of the split object. In that case, down stream operations already performed 

on the old information may have to be redone.  

In the study the following observations were made: 

 The basis for division of objects is important 

 Differences exist in concepts between the applications  

 Classification codes are not standardised enough 

 Attributes are not standardised at all 

 Reference points for geometry are not standardised 

 Identities and identifiers of the objects have to be standardised 

 The type concept has to be defined 

 Geometry is very important to many applications 

 Manual adjustments through mapping are necessary 

 

The basis for division of objects is important 

The question of division and splitting of building objects from designers to fit 

the needs and requirements of the contractors has to be taken into account when 

developing tools like the ones in this case study. Aggregations like roofs, outer 

walls etc. have to be broken down into their building objects. These aggrega-

tions are not following a standard or de facto standard as they are only internal 

for a company. The aggregations can be handled by, for instance, a construct 

like the system in NICC, see chapter 6. 
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Differences exist in concepts between the applications  

Data was added in the NICC relational database, i.e. derived from implications 

in the NICC file coming from the MCAD application. Missing constructs had to 

be found from connections. A door connected to a wall implies the existence of 

an opening with the size, width and height derivable from the properties of the 

door. 

 

Classification codes are not standardised enough 

Although MCAD, NICC and PreFacto have the same underlying ideas about 

structuring data according to the Swedish BSAB system, there are some small 

differences. This was solved through mapping from the MCAD codes to the 

NICC codes.  

 

Attributes are not standardised at all 

The lack of standardised names and concepts caused very time consuming work 

of interpretation and correction. The most important problems to solve were in 

the cases when PreFacto used predefined names on concepts like thickness for 

walls and width for doors, windows and similar classes. The exact spelling of 

the attributes governs the definition of the 3D geometry representation. 

Today there is no standard in this area, at least not for the main bulk of attrib-

utes [Svensk Byggtjänst 1994]. Standardisation in this field is a prerequisite for 

all types of automation. Many attributes, as the situation is today, are difficult to 

interpret, especially when they are hard-coded in applications. PreFacto inter-

prets some important attributes like thickness and height depending on the  

quantity rule used for the current recipe. 

 

Reference points for geometry are not standardised 

It is very important to have defined reference points, e.g. for prefabricated ele-

ments [Karhu 1997]. In the MCAD to NICC tool the reference point for right 

hinged doors had come on the wrong side. This had to be solved through a 

transformation of the point based on the rotation and dimensions of the door. 

Many of the other classes had reference points defined in MCAD which did not 

correspond to the recommendation in NICC.  

Exchangeability is very important in design. To change automatically from a 

generic representation of a door to a manufacturer’s version is not feasible 

without standardised methods for dealing with reference points, rotation and at-

tribute names. 
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Identities and identifiers of the objects have to be standardised 

Identifiers are important to manage. They should be unique, at least per project. 

In PreFacto the floor number was automatically added in the beginning of the 

ID. This is enough only when projects are kept separately. In other applications 

there might be a need for putting the building objects together in one storage. 

 

The type concept has to be defined 

The type concept is not handled in a satisfactorily way in the applications. 

There is no reference to a valid document defining the type [Jägbeck 1996]. 

This can be compared also to other work discussing the type problem [Björk 

1995], [Hannus et al. 1994]. 

 

Geometry is very important to many applications 

In PreFacto a very simplified representation of the building objects is used. For 

the purpose of identification this is enough. When it comes to other tasks, like 

exchange of object types, it is very important to have generic formtypes. In ad-

dition the measuring rules for the quantity calculation have to be defined. 

The use of concepts is not strict enough in the applications. The conceptual 

schema for building objects, production results, resources and activities is not 

explicitly defined for the use in PreFacto. An invisible transition from the state 

of being a production result to being a production activity illustrates this. 

 

Manual adjustments through mapping are necessary 

A number of corrections, adjustments, were done to the files instead of rewrit-

ing parts of the software, which would have been difficult and time consuming 

in a prototype like this. The main corrections were: 

 differences in code tables, i.e. varieties in interpretation of the extended   

BSAB table had to be corrected 

 the reference points for the objects in the MCAD application had to be cor-

rected in relation to the receiving applications 

 missing connections had to be added 

 wrong names of attributes made mapping necessary  
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8.2  Evaluation of the NICC conceptual schema  

The evaluation of the NICC conceptual schema was done on the basis of the 

functional requirements from chapter 5. The aim of the validation was to decide 

if the model is useful for its purpose. This can be done, according to Gustafsson 

et al. [1982] through dividing the validation effort into several sub validations, 

which serve the testing of specific aspects of the model. The most important one 

is validation of how the conceptual schema fulfils the specified requirements, 

i.e. those specified in chapter 5. The requirements were divided into two groups. 

One group was related to information content and structure and the other one to 

suitability for standardisation, implementation and usage. 

 

Requirements on information content and structure  

 There should be support for requirements and solutions. 

In NICC the support for this requirement is solved through the extended 

classification code of the building object, which transforms for example an 

object with a “load bearing wall” function to a solution like a “load bearing 

wall of concrete”.   

 There should be support for a type concept with a sliding scale of attribute 

definitions.  

This requirement is supported in a rather complicated way by specific attrib-

utes for catalogue information.    

 There should be support for sorting and incremental updating and deleting of 

information on the level of individual building objects .  

NICC supports unique identifiers for the building objects which enables ma-

nipulation of individual building objects.  

 The conceptual schema should be non-redundant in its definition of informa-

tion items. 

With the small number of classes and the use of de facto classification tables 

there is no in-built redundancy, but a negligent use of the classification as 

well as the attribute definitions could cause redundancy. 

 Multiple geometric representations using reference geometry plus implicit 

and/or explicit geometry should be supported.  

The implicit geometry based on formtypes is sufficient for all the studied re-

ceivers of design information. In addition there is the 3D representation not 

used in the test study. Both these representations can be associated at the 

same time to the building object.  
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 It should be possible to add new object types and attributes. 

The attributes in NICC are mainly of the type user defined. The only formal-

ised ones are those defining parameters for implicit geometry, depending of 

formtype. The use of classification tables enables the addition of new 

classes/object types through new definitions of codes. 

 

Suitability for standardisation, implementation and usage  

 The standardisation process should be as short as possible. 

NICC has a very small conceptual schema with concepts known by industry 

people which indicates a smooth decision process. The limited work, one 

man year, to reach consensus concerning the NICC model, was strongly de-

pendent on the existence of a functioning national classification system, the 

BSAB system. Unfortunately the number of participants in the definition 

process was too small to reach a critical mass in an international perspective.  

 The companies and software developers should be able to focus their imple-

mentations -  there should be no competing standards.  

The competing standards are in this case the international ones. In STEP and 

IAI two or, if possible, one common standard is under development for the 

same area as NICC. When this project started this was not the case. Research 

and development has changed the situation. Today a small effort like this re-

search has to join the international standardisation projects instead of trying 

to create a new standard.  

 The conceptual schema should be easy to implement.  

The schema is easy to implement. The experience from the prototype work 

with the MCAD to NICC mapping tool confirms this.  

 The conceptual schema should be easy to understand. 

The NICC conceptual schema has a core using national classification for 

definition of the various building object classes. This makes it easy for prac-

titioners to understand the schema as they are experienced  with the classifi-

cation. 

 It should be possible to group objects in an ad hoc way. 

The system concept is a generic grouping mechanism for all purposes. One 

geometry object may be part of several systems/groups. 

 There should be legitimation bodies active. 

Today there are no active legitimation bodies continuously declaring the advan-

tages of product models in general and NICC in particular. Organisations like 
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IAI have now the possibility to take initiative both nationally and internation-

ally. 

 Long lasting concepts and classification should be used. 

This requirement calls for standardisation in one way or another. NICC is not a 

de facto nor a formal standard. The only alternative is to contribute to the inter-

national standardisation efforts going on. An example of a long lasting standard 

is the BSAB-system in Sweden.  

 The value should be apparent for the user.   

The NICC schema supports industry concepts, user defined types, attributes 

etc. The user can in detail follow the processes and see what benefits he can 

get from the information. 

 

Conclusion on the validation of the NICC conceptual schema  

The need to further elaborate classification codes and user defined attributes il-

lustrates that rules and guidelines are needed to make the NICC schema work. 

That is, if for example not all participants in an information exchange use the 

same classification tables, the model will only exchange building objects with 

geometry and properties, but not knowing if they are windows, columns or 

walls. The conclusions are: 

 The comparison of the NICC schema (and resulting prototype) with the func-

tional requirements confirms the usefullness of the schema. It has some 

weaknesses discussed above, but the most important requirements are ful-

filled. 

 The NICC schema is highly dependent on a correct use of common classifi-

cation tables and also common attribute definitions. This problem has to be 

solved in the individual construction projects, possibly on national levels. 

 

8.3  Evaluation according to the Charette testing method  

As described in chapter 1, there are new methods evolving for executing tests 

on product model proposals. According to for instance the Charette testing 

method [Clayton et al. 1997] the current process can be  compared with one 

utilising some new innovative technology, like product models.  

According to the Charette method this comparison should be based on tests in 

organisations with real projects, but such testing would be quite extensive and 

was therefore not carried out in this thesis work. Instead a theoretical compari-
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son was conducted without empirically quantified tests. In table 8-1 the conven-

tional process is compared with one based on the NICC prototype.  

 

Table 8-1. Comparison between a traditional process and a NICC 

  based one. 

The tasks of the 

process 

Current practice CAD The NICC based process 

Design   objects are implicit in graphics 

 types are annotated on the CAD 

drawing 

 objects are defined in a database  

 types are defined in a database 

 
 geometry is illustrated by graph-

ics and dimensions 

 geometry is defined in a database 

and presented as graphics and di-

mensions on the drawing 

 
 3D information is defined in sec-

tions 

 3D is defined in a database 

Quantity take off 
 lengths are measured per drawing 

and type from paper copies of the 

drawings 

 measures are automatically de-

rived per object from a database 

 
 quantities are summarised per 

type and location, manually  

 quantities are summarised per type 

and location automatically and can 

be sorted in flexible ways 

Cost estimation  
 quantities are typed into the cost 

estimation system 

 quantities are read as files into the 

application 

Planning 
 cost and hours are taken from the 

cost estimation system on paper 

and typed into the planning tool 

 the costs and hours are read as 

files into the application 

 

The conclusions one could draw from this regarding a NICC based process are: 

 The added value in the design phase can be achieved without extra efforts if 

the design tools are appropriate. The information input is mainly used for the 

conventional tasks of design and then reused for production.  

 Time for input of information is reduced in all the down stream applications. 

 Updates of object information are possible without large efforts in the receiv-

ing applications. 

 The reliability of information will be higher as the information is reused. 

This has to do with the fact that information is always retrieved from the 

source in stead of often going through transformations via manual interpreta-

tion. 
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8.4 Evaluation of commercial implementations of NICC 

Based on the MCAD software (an add-on to the CAD system Medusa from 

Computervision) the prototype for MCAD to NICC mapping has been used in 

commercial projects. As there are a very limited number of users of the MCAD 

software, the MCAD to NICC mapping tool is used by the developers only on a 

service bureau basis. Ingert Appelqvist from CadITma in Stockholm made the 

tool and has developed interfaces to commercial Facility Management, FM, and 

Maintenance systems.  

Today the tool has been used for transferring information about building objects 

and attributes from as built drawings of office buildings. The drawings have 

been redrawn in MCAD and then the NICC files have been created. The files 

have then been imported into the FM application PROCARE from the Danish 

company COWI consult. The receiver of the NICC files is the Swedish real es-

tate company Tornet. They carry out the management and the maintenance of 

approximately 2,000,000 m
2
 of office, industry and apartment buildings mainly 

in the Stockholm area. 

 

Experiences 

The experience and results so far are [Appelqvist, I. 1998, pers. comm., 14 Jan-

uary]:  

The information imported into the PROCARE system is today only the space 

objects with their attributes. The building object information is not used, but 

there are plans to use component objects like fans, pumps, switchboards etc. 

which are of great importance for the maintenance. The space objects are trans-

ferred without their reference geometry as the area is held in a dedicated attrib-

ute. Future plans are to include the reference geometry to enable visualisation 

from the data base without using the drawings.  

The extent of the managed information is illustrated by the following facts: 

 15 projects with 500 to 80,000 m
2
 each and totally around 300,000m

2
 

 Building objects – Rooms and premises 

 More than 10,000 spaces  

 More than 50,000 attributes 
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8.5 Conclusions  

The findings show that there is lack of standardised formats for the input of in-

formation into current applications for construction planning, scheduling and 

cost estimation.  

The formats for digital input are adapted to the existing systems of today, used 

inside the construction company. An example is quantity surveyors doing quan-

tity take off and then associating the more detailed level of production results to 

the building object quantities. This information can then be read into a cost es-

timation package like Calc3 using an industry practice format like the SBEF 

format. Only when the CAD applications start to produce building object re-

lated information in a production environment will input formats for down 

stream applications evolve.  

In addition there are different interpretations of several concepts. Some are: 

 division and aggregation of building objects 

 classification of building objects at a detailed level 

 attribute definitions 

 definition of reference geometry for the various building object classes 

 identification of objects 

 the type concept  

 

The NICC conceptual schema fulfils most of the functional requirements for a 

product model based information exchange from design to construction. There 

are weaknesses like the current constructs for type concepts and the support for 

a distinction between requirement and solution information. In individual cases 

these weaknesses can be managed by the users, but in the long run a lasting so-

lution should be developed.  

The need for correct use of common classification tables and for common at-

tribute definitions, when using a minimal schema like NICC, should also be 

given attention. At the same time the characteristics of NICC provide a very low 

threshold for starting to exchange information. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the findings of the thesis and their evaluation, this chapter draws 

conclusions as to the value of the proposed NICC conceptual schema for 

information exchange in the construction industry. It also formulates some 

recommendations for further development of core models for building con-

struction. 

 

9.1 Conclusions 

The research reported in this thesis proposes a minimal approach for product 

model based information exchange in the construction industry. In section 1.4 

three research goals were defined. The research proposes answers to these tasks.  

 

Research goal 1: Information exchange 

The first research goal was:  

Capture the requirements of construction companies concerning information 

exchange from designers, in order to support a more cost efficient construction 

management process. 

 

The findings were: 

 The solution proposed is presented in chapter 2 where the details are de-

scribed.  

 The most essential information is the building object class and type together 

with the geometry from which quantities can be derived.  

 This kind of information is today mainly derived manually from paper draw-

ings and specifications. 

 The requirements for a solution are proposed in chapter 5 where a list of in-

formation content and structure related functional requirements on a concep-

tual schema are defined. This was done on the basis of a study of  current re-

search and development, industry problems and earlier developments. 
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Research goal 2: Success factors 

The second research goal was: 

Study success factors for IT standardisation and identify critical factors for 

successful standardisation, implementation and use. 

 

The findings were: 

 The solution proposed is found in chapter 3, where IT standardisation and 

success factors were discussed and a list of factors was selected as critical. 

 The influence of the selected critical factors was studied for ten standards, de 

jure and de facto, and the factors were identified as having an influence on 

the probability of success.  

 Also here the requirements for a solution are proposed in chapter 5. In this 

case a list of standardisation, implementation and usage success related func-

tional requirements on a conceptual schema are defined. This was done on 

the basis of studied critical variables for standardisation.  

 

 

Research goal 3: Information structure 

The third research goal, part one, was:  

Define an information structure which can fulfil the information exchange re-

quirements of construction companies. 

 

The findings were: 

 The NICC minimal conceptual schema was proposed as a candidate solution. 

 The validation of the NICC conceptual schema is found in chapter 8 where it 

is compared to the requirements defined for information content and struc-

ture. 

 The comparison indicates that the NICC conceptual schema supports all the 

requirements directly or indirectly.  

 In order to meet some of the requirements it is necessary to use industry 

practices and common concepts. The crucial industry practices to adopt are 

the functional classification of building objects and measuring rules for 

quantities. Common industry concepts to adopt are building objects, types 

and location. 

The third research goal, part two, was:  
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Define an information structure which can fulfil the requirements for successful 

standardisation, implementation and use. 

 

The findings were: 

 The validation of the NICC conceptual schema is found in chapter 8 where it 

is compared to the requirements defined for implementation and usage suc-

cess.  

 An analysis of the requirements reveals that the NICC conceptual schema 

does not fulfil all of them. Although the schema handles all the technically 

related requirements, the issues related to the standard setting process are the 

problem. There is lack of participants, no active legitimation bodies and it 

does not have the status of a standard. It will not become a standard in the 

near future. As product modelling standardisation is an international task, 

there is no hope of a national standardisation.  

 The positive side of the standardisation process is that NICC and all product 

models have network externalities and that the information handled by them 

has a high value for the organisations employing them. That is, if they can 

manage the issue of relating the product model to the existing design and 

production tools. 

 In the international standardisation arena there are competing standards like 

STEP Building Construction Core Model and the IAI Industry Foundation 

Classes emerging. As it is very difficult to compete with these large interna-

tional efforts, a proposal like NICC has to contribute to them instead of be-

coming a standard itself.   

 

 

Proposed information structure 

The proposal for a possible information structure in this thesis was: 

A generic ”minimal” conceptual schema based on a small number of common 

concepts and on industry practices for building element classification, meas-

urement and transfer, can fulfil the information exchange requirements of the 

construction companies.  

 

The validity of the proposal is confirmed through the findings in the test study 

using the NICC minimal conceptual schema and in the evaluation of it com-

pared to the functional requirements specified. The research provides evidence 
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that a minimal schema can fulfil the information exchange from design to con-

struction , but it does not prove that it is the only solution or the best solution!    

A conceptual schema can be based on a small number of concepts, if the con-

cepts are common and based on industry practices. The requirements for a suc-

cessful standardisation, implementation and use are also fulfilled in respect of 

the objective technical parts, but the requirements related to the subjective parts, 

i.e. where human opinions govern, are difficult to evaluate.  

This is, however a common problem for all new efforts in the domain of stan-

dardising product models for construction, regardless of the modelling ap-

proach. It is also important to emphasise that the NICC minimal conceptual 

schema is totally dependent on the use of a classification table. The important 

issue is that all participants in a project use the same table regardless of whether 

it is a standard or not. The probable scenario is that national classification tables 

will be used until an international one possibly is developed. 

 

9.2 Recommendations 

The original idea behind the development of NICC was that it should become a 

Swedish de facto standard for information exchange in the construction indus-

try. Accepting the situation today in the world of construction IT, the goal is 

now to influence and contribute to the international standardisation work in ISO 

STEP and IAI IFC. Ideas from NICC, like the implicit geometry, have already 

been adopted in IAI IFC 1.5 version [IAI 1997].  

The construction industry, i.e. here the sector for buildings, is not yet prepared 

to work like the process plant industry where a more detailed, accurate and ef-

fective information support is needed and affordable.  

One important issue to analyse in the near future is the question of legal aspects 

of product models. This and related issues such as how to handle incremental 

updates of information have to be addressed. There is today no industry experi-

ence of responsibilities for the information content in model files. The informa-

tion in the files has no defined accuracy nor status related to co-ordinates and 

measures. In most situations the drawings, the paper ones, are still the contrac-

tual documents. This has been solved in NICC by having the option to connect 

2D graphics to the objects where the details and measures are defined. 

This research advocates a minimal approach in order to facilitate a smooth stan-

dardisation and implementation process due to the advantage of the principle – 

less is easier to handle than more. The backlog of this is of course that other re-

strictions like classification and common understandings/agreements of mean-

ings have to be imposed. The advantage is that the threshold to start using the 
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schema is low and that information exchange can be developed on an incre-

mental basis. 

In contrast an explicit approach having dedicated object classes defined in ad-

vance, would have its advantages in the application stage when all ambiguities 

are solved beforehand. The disadvantage is in this case the possibly tedious 

standardisation process to come to agreements on all the details.  
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APPENDIX A  EXPRESS-G  

 

A graphical representation of the EXPRESS language 

The following description is based on the annex to the ISO STEP application 

protocol AP228 [ISO/TC184/SC4 1995]. 

EXPRESS-G is a formal graphical notation for the representation of data speci-

fications defined in the EXPRESS language. The notation does only support a 

subset of the EXPRESS language. According to annex D in STEP Part 11 [ISO 

TC184/SC4 1993b], EXPRESS-G describes graphically the EXPRESS language 

with the following conventions : 

Definition : 

The definition of things - either types or entities - is depicted by a box with sev-

eral graphical possibilities : 

EXPRESS  Graphical symbols Example 

Schema 

 

rectangular solid box divided in two 

sub-boxes by an horizontal line. In 

the upper part is located the name of 

the schema 

 

Simple data type rectangular solid box with a double 

vertical line at the right end of the 

box. The label within the box is the 

pre-defined name of the data type 

 

Constructed data 

types 

rectangular dashed box. The label 

within the box is the name of the data 

type 

SELECT data type : double vertical 

line on the left 

ENUMERATION data type : double 

vertical line on the right 

 

Defined data type rectangular dashed box. The label 

within the box is the name of the data 

type 

 

Entity data type Rectangular solid box. The label 

within the box is the name of the en-

tity 

 

Abstract entity data 

type 

Characters ABS enclosed in paren-

theses.   

 

 

STRING REAL 

example_select 

example_enumeration 

new_defined_data_type 

 (ABS)  

 entity_name 

my_schema 

 entity_name 
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Relationship :  

The relationship between things are described using some lines between the 

boxes : 

EXPRESS  Graphical symbols Example 

Optional attribute Dashed line  

Attribute non op-

tional 

Line  

Inheritance relation-

ship (sub-

type/supertype) 

Thick line 

An ONEOF relation may be indi-

cated by the digit 1 placed at a 

branching junction. 

 

The preference sense 

of a relationship is 

outlined by an open 

circle 

Open circle at the end of the line and 

before the second term of the asso-

ciation. 

 

Cardinality of rela-

tionship with aggre-

gation data types 

On the relationship line for the at-

tribute. The first letter of the aggre-

gation data type (A, B, L, or S) is 

used. The default cardinality for a 

required relationship is one and zero 

or one for an optional attribute. 

 

Redeclaration of su-

pertype attributes 

within a subtype 

Characters RT enclosed in parenthe-

ses 

 

 

Inverse attribute Characters INV enclosed in paren-

theses 

 

 

Derive attribute Characters DER enclosed in paren-

theses 

 

 

Constraints : As far 

as a rule definition is 

involved, only an as-

terisk flags the in-

volved entities or at-

tributes referred by 

such a clause 

Asterisk *  

 

 

 

 entity2

  

*entity_involved_in_ 

a_rule 

 entity1 

1 

 entity2

  

 entity1 

Rel1 

Rel1  S[2:3] 

 entity2

  

 entity2

  

 entity2

  

 entity1 

 entity1 

 entity1 

(RT) Rel1 

(INV) Rel2 

Rel1 

(DER) Rel1 
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Composition : 

EXPRESS-G provides different supports for diagrams spanning more than one 

sheet of paper (called page references) or the current schema referencing other 

schemata (called inter-schema references). 

Two composition symbols may be found in a diagram : the page references and 

the inter-schema references : 

EXPRESS Graphical symbols Example 

Page reference onto 

the current page 

Relationship line terminated by a 

rounded box which contains a page 

number and the reference number. If 

several pages should be referenced, 

the box may contain a parenthesised 

list of the page numbers where refer-

ences originated. 

 

Page reference onto 

another page 

Relationship line terminated by a 

rounded box which contains a page 

number and the reference number.  

 

Definition referenced 

from another schema 

A round box enclosing the name of 

the definition qualified by the schema 

name. The REFERENCE statement is 

represented by a dashed enclosing 

rectangular box. 

Alias is the name of an alias of the 

definition. 

 

definition used from 

another schema 

 

 

A round box enclosing the name of 

the definition qualified by the schema 

name. The USE statement is repre-

sented by a solid enclosing rectangu-

lar box. 

Alias is the name of an alias of the 

definition. 

 

 

EXPRESS-G does not support the FUNCTION or PROCEDURE clauses. 

 

 

 

 

 

 

 

alias 

 

 page#,ref# (#,#,…) 

page#,ref#(#,#,...) 

  page#,ref#  name 

schema.def 

 

alias 

 

schema.def 
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   NICC in EXPRESS code 

 191 

APPENDIX B  NICC in EXPRESS code 
 

In this Appendix the source code of the central parts of the NICC conceptual 

schema is listed, i.e. what is presented in figure 6-17 in chapter 6. 
 

SCHEMA nicc_core; 

 

TYPE Classification_code = ENUMERATION OF 

 (code1, 

  code2, 

  code3, 

  etc.); 

END_TYPE; 

 

TYPE Formtype_code = ENUMERATION OF 

 (plate_1, 

  plate_2, 

  plate_3, 

  slab, 

  circular, 

  rectangular, 

  profile_1, 

  profile_2, 

  free_geometry, 

  symbol); 

END_TYPE; 

 

ENTITY Attribute 

 ABSTRACT SUPERTYPE OF (ONEOF(Individual_attribute,Catalogue_attribute)); 

END_ENTITY; 

 

ENTITY Building; 

END_ENTITY; 

 

ENTITY Building_object 

 SUBTYPE OF (Geo_object); 

 bob_2D : OPTIONAL SET [1:?] OF TwoD_view; 

 bob_3D : OPTIONAL SET [1:?] OF ThreeD_shape_repr; 

 bob_port : OPTIONAL SET [1:?] OF Port; 

 bob_com : OPTIONAL SET [1:?] OF Completion; 

 bob_part : OPTIONAL SET [1:?] OF Building_object_part; 

 bo_code : Classification_code; 

END_ENTITY; 

 

ENTITY Building_object_detail; 

 bod_part : OPTIONAL SET [1:?] OF Building_object_detail; 

 bod_2D : OPTIONAL SET [1:?] OF TwoD_view; 

 bod_formtype : Formtype_code; 

 bod_geometry : Implicit_geometry; 

 bod_attr : SET [0:?] OF Attribute; 

 bod_code : Classification_code; 

 INVERSE 

 has_bod_part : SET[1:?] OF Building_object_detail FOR bod_part; 

END_ENTITY; 
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ENTITY Building_object_part; 

 bop_attr : SET [0:?] OF Attribute; 

 bop_2D : OPTIONAL SET [1:?] OF TwoD_view; 

 bop_3D : OPTIONAL SET [1:?] OF ThreeD_shape_repr; 

 bop_com : OPTIONAL SET [1:?] OF Completion; 

 bop_formtype : Formtype_code; 

 bop_geometry : Implicit_geometry; 

 bop_part : OPTIONAL SET [1:?] OF Building_object_detail; 

 bop_code : Classification_code; 

END_ENTITY; 

 

ENTITY Building_space 

 SUBTYPE OF (Geo_object); 

 bsp_2D : OPTIONAL TwoD_view_space; 

 bsp_part : OPTIONAL SET [1:?] OF Building_sub_space; 

 bsp_code : Classification_code; 

END_ENTITY; 

 

ENTITY Building_sub_space; 

 bss_2D : OPTIONAL TwoD_view_space; 

 bss_attr : SET [0:?] OF Attribute; 

 bss_geometry : Implicit_geometry; 

 bss_formtype : Formtype_code; 

 bss_code : Classification_code; 

END_ENTITY; 

 

ENTITY Building_system; 

 system_in_building : Building; 

 part_of_system : OPTIONAL Building_system; 

 bsm_code : Classification_code; 

 bsm_attr : SET [0:?] OF Attribute; 

 INVERSE 

 has_system : SET[1:?] OF Building_system FOR part_of_system; 

END_ENTITY; 

 

ENTITY Catalogue_attribute 

 SUBTYPE OF (Attribute); 

 cat_att : SET [0:?] OF Catalogue_attribute; 

 group_attr : SET [0:?] OF Individual_attribute; 

 INVERSE 

 has_cat_att : SET[1:?] OF Catalogue_attribute FOR cat_att; 

END_ENTITY; 

 

ENTITY Completion; 

 com_attr : SET [0:?] OF Attribute; 

 com_geometry : Implicit_geometry; 

END_ENTITY; 

 

ENTITY Connection; 

 from_GO : Geo_object; 

 to_GO : Geo_object; 

 to_port : OPTIONAL Port; 

 from_port : OPTIONAL Port; 

END_ENTITY; 
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ENTITY Geo_object 

 ABSTRACT SUPERTYPE OF (ONEOF(Building_object,Building_space)); 

 go_in_building : Building; 

 rel_location : SET [1:?] OF Location; 

 rel_system : OPTIONAL SET [1:?] OF Building_system; 

 go_attr : SET [0:?] OF Attribute; 

 go_geometry : Implicit_geometry; 

 formtype : Formtype_code; 

END_ENTITY; 

 

ENTITY Graphical_grouping; 

 graphical_group_in_building : Building; 

 gg_location : SET [1:?] OF Location; 

 gg_attr : SET [0:?] OF Attribute; 

 gg_geometry : Implicit_geometry; 

 gg_2D : OPTIONAL SET [1:?] OF TwoD_view; 

END_ENTITY; 

 

ENTITY Implicit_geometry; 

 ABSTRACT SUPERTYPE; 

 reference : Reference_geometry; 

END_ENTITY; 

 

ENTITY Individual_attribute 

 SUBTYPE OF (Attribute); 

END_ENTITY; 

 

ENTITY Line_co_ordinate; 

END_ENTITY; 

 

ENTITY Location; 

 location_in_building : Building; 

 part_of_location : OPTIONAL Location; 

 loc_attr : OPTIONAL SET [1:?] OF Attribute; 

 loc_geometry : OPTIONAL Implicit_geometry; 

 INVERSE 

 has_location : SET[1:?] OF Location FOR part_of_location; 

END_ENTITY; 

 

ENTITY Point_co_ordinate; 

END_ENTITY; 

 

ENTITY Port; 

 por_geometry : Implicit_geometry; 

 por_attr : SET [0:?] OF Attribute; 

END_ENTITY; 

 

ENTITY Reference_geometry; 

 point : OPTIONAL Point_co_ordinate; 

 points : OPTIONAL LIST [2:?] OF Line_co_ordinate; 

END_ENTITY; 

 

ENTITY ThreeD_shape_repr; 

END_ENTITY; 

 

ENTITY TwoD_view; 

END_ENTITY; 
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ENTITY TwoD_view_space; 

END_ENTITY; 

 

END_SCHEMA; 
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This thesis discusses how product models can be used to improve the information ex-

change from design to construction. Today there are several approaches to product 

modelling. Some researchers propose very detailed models whereas others propose ge-

neric models with fewer concepts. In this area there is a close connection between re-

search and standardisation, which is carried out by organisations such as the ISO STEP 

committee and the International Alliance for Interoperability.  

To get acceptance for a standard proposal, it has to be accepted by both users and stan-

dardisation bodies. Thus this research, in addition to the technical requirements on in-

formation content and structure, also discusses success factors for standardisation, im-

plementation and usage. 

In order to identify important requirements for a product model for information ex-

change between design and construction, current research, development and standardi-

sation in the field of product modelling was studied.  

This thesis advocates a minimal approach in the number of concepts used in a product 

model, in combination with an external building element classification, following na-

tional industry practice. The minimal NICC schema, developed during this research, 

was tested in a prototype and case study. Three applications were tested: PreFacto 

(planning tool), Microsoft Project (time scheduling tool) and Calc3 (cost estimation 

tool). From the CAD-system MCAD, NICC files with the building objects were cre-

ated and transferred into a relational database from which the three applications re-

ceived their specific input files. 

The results of the evaluation of the NICC schema and the test study demonstrated that 

a product model based on few concepts can manage the required information ex-

change.  
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