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ABSTRACT

Computer integrated construction (CIC) is a future state of the use of IT
in construction characterised by the extensive use of computers for all kinds
of application as well as by the transfer of information between such
applications in digital form. CIC necessitates an infrastructure of data
structuring and transfer standards, computer networks, digital information
services for construction, etc. This paper presents the efforts made during the
last ten years by the Finnish construction industry to develop strategic parts
of such an infrastructure, the RATAS project. In addition to a survey of a
number of technical projects, the paper also presents the organisational
aspects of the project and attempts to evaluate the results that have been
achieved so far.
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- INTRODUCTION
Co-operative research, development and standardisation efforts are
eeded in order to steer the construction industry towards a future state often
escribed as computer integrated construction, CIC. In Finland the
rofessional associations representing the different participants in the
onstruction process have in co- operatlon launched a number of research and
andardisation projects which aim at providing parts of the infrastructure
eded for CIC. In particular these projects have addressed the needs for data
xchange standards and co-ordinated digital construction information services.
In this paper the origins, aims and results of the RATAS project (RATAS
ands for the Computer aided design of buildings) and some closely related
g:zjects during the years 1984-92 are presented. In the earlier phases the
TAS project defined some vital ingredients needed for CIC. These
cluded the notion of one single user interface to general construction
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information and the basic framework of a building product model for the
exchange of data concerned with a particular building project.

In later stages of the RATAS project, sub-projects have studied the
product model approach more in detail. In addition pre-standardization work
for the definition of EDI messages for the construction industry has been
carried out. A commercial electronic construction information service,
TELERATAS, was launched in 1992. In parallel with the RATAS project,
both research and development of commercial applications have been
initiated, partly influencing RATAS work; partly being influenced by it.

THE ORIGIN OF THE RATAS-PROJECT

Discussions about the integration of IT applications in construction started
in Finland in 1982. A number of large engineering firms who had purchased
turn-key CAD-systems were the first to recognise a need for methods and
standards that would enable the transfer of design information in digital form
between designers. As a result of these discussions an association called the
Construction Industry Council for CAD in building, RACAD, was formed. A
yearly membership fee of app. 2000 USD restricted membership to bigger
organisations, such as professional associations and government branches, who
saw the agenda of RACAD as important for their own strategies. A board
headed by a full-time employed secretary general was responsible for
day-to-day activities.

During its existence (1983-86) RACAD served two main purposes. Firstly,
it provided a good forum for discussions and organised a number of seminars,
where the latest news and development ideas were exchanged. Secondly, it set
out to plan a large co-ordinated research, development and standardisation
effort, which later turned into the RATAS-project. RACAD also established
contacts with similar associations abroad.

The first R&D programme proposed in 1983 by the RACAD board had
a budget of almost 8 mill. USD, which in view of the targets of the
programme and later experiences from R&D projects would have been quite
realistic. After almost two years of difficult negotiations the budget of the
programme was reduced to app. 600,000 USD, of which 40 % as a research
grant from the Technology Development Centre of Finland, TEKES. The
participation of the major contractors in the funding was crucial for the
launching of the project.

Simultaneously with these negotiations RACAD was dissolved and some
of its functions were inherited by the project organisation which was formed
under the Building Information Institute for managing the initial R&D effort.
This institute is a private non-profit umbrella organisation formed by a large
number of the professional associations representing different branches of the
construction industry and has a near-monopoly on the dissemination of
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general construction information in Finland. The acronym chosen for the
project, RATAS, stands for computer aided design of buildings.

OTHER RELATED ACTIVITIES

A number of other R&D programmes related to CIC, which have had a
strong interaction with the RATAS project, should be mentioned at this point.

The BEC project has influenced the RATAS project by providing an
example of integration efforts in a more narrow application domain of
particular interest for the Finnish construction industry - the computer-aided
design and manufacturing of prefabricated concrete components [Hannus,
Jarvinen and Astrém, 1991]. The most interesting results of the first phase of
BEC were a standard for the exchange of 2-D draughting data [Hannus, 1987]
and a standard for the exchange of product data about structural components.
Based on these two standards commercial software has been developed.

The other major influence on the RATAS process has been the research
and technology transfer carried out by the Technical Research Centre of
Finland (VTT). VTT started its CAD activities with a state-of-the-art survey
in 1982, followed by a more focused study of integration techniques in 1983.
Many of the research proposals made in the latter study were incorporated
into the RATAS-project. In two instances (1984-86) and (1988-90) VTT has
carried out large research programmes studying the techniques of construction
computing [cf. Anon, 1991].

A PROPOSAL FOR KEY ELEMENTS IN CIC

The first phase of the RATAS project was done by a committee and tried
to identify key elements of what is now known as computer integrated
construction [Sarja and Leppinen, 1987). Phase 2 studied these elements
more in detail and was carried out in four separate sub-projects, each one of
which had around ten participants, representing both research and industry.
The themes of these four sub-projects, as well as the main results, are
described in table 1.

The results of this work was reported in detail in four technical reports
in Finnish. The only overall report available on the results of this phase has
so far been the English translation of the summary report on RATAS 1I
[Enkovaara, Salmi, Sarja, 1988].

A NEED FOR FURTHER R&D

The second phase of the RATAS project had defined a number of key
elements needed in CIC, but its recommendations needed further testing by
prototypes and refinement to be useful as specifications for the development
of commercial software. During 1988 a number of activities started which
aimed at providing a more solid basis for such implementations. Most of
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these, although not all, were organised as phase III of the RATAS-project,
and managed under the supervision of the RATAS-committee. Another
feature was that almost all of these have received some funding from the
Technology Development Centre (TEKES), which through its funding
decisions has carried out a clear strategy supporting the introduction of CIC
elements into the Finnish Construction Industry. TEKES sees information
technology as one of a number of key factors which could make the Finnish

construction industry more competitive [Saarnivaara, 1990).

In the following sections the follow-up of the recommendations of

RATAS phase II are briefly reviewed.

Table 1. The four technical committees of RATAS phase II and their main

results.
Theme Main results
A strategy for the development of digital
construction information services:
* Centralised distribution of information

General databases | * Decentralised information production and maintenance
* A single uniform access mechanism and user interface
Proposed standard formats for the exchange of:

Data exchange text, tables
standards vector graphics, raster graphics
bar codes
knowledge, product model objects
Basic generic structure of a building product
model using an object-oriented approach:
Building description
in database form * Major decomposition hierarchy on five levels.
* "Part of" and “connected to" relationships.
Proposals for new types of documents:
New documentation
formats and the * Documents which can be automatically extracted from
design process in building product models (e.g. room cards).
CIC
A scenario for a gradual movement towards full
I
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GENERAL CONSTRUCTION INFORMATION SERVICES

The recommendation to create one single uniform user interface to all
kinds of general digital construction information services was followed up by
two independent projects. The RATAS database directory project was carried
out by the Building Information Institute and aimed at producing a shell for
the uniform digital construction information service. Work on a building
information thesaurus was also carried out in this project. The other project
was initiated by Partek Oy and Rautarukki Oy, two major manufacturers of
building materials. Partek has traditionally produced a lot of information
aiding designers, notably a book of recommended wall structures and a
guidebook helping designers to check compliance with the requirements of the
Finnish fire regulations. The prototype system included Autocad drawings of
wall structures, information about building materials and an expert systems for
fire regulations which is linked with the materials information included in
TELECAD [Tuominen, 1991].

During 1991 an agreement was reached between these parties to merge
their projects. TELERATAS was chosen as the name for the synthesis of the
two projects. The system was issued to pilot users in the winter of 1991 and
has become commercially available in the summer of 1992,

The overall architecture of TELERATAS is based on a central repository
for the information combined with the possibility for users to download as
much as possible information that do not change quickly to their own hard
disk to speed up access and save on telecommunications costs. For larger
firms there is also a network version of the program available. Recently a
CD-ROM version of the system has become available. In this version a yearly
updated CD-ROM contains all the information which is used locally. Quickly
updatable information is also in this version obtained via networks from the
central computer. A example of the user interface of TELERATAS is shown
in figure 1.

DATA EXCHANGE STANDARDS

The data exchange standards which were proposed in RATAS phase 11
have so far had a very limited impact on practice. The transfer format which
was adopted for 2-D drawings and which originally had been developed in the
BEC project, has been used to some extent. Pre- and post-processing software
for BEC were developed for a number of leading CAD-systems in the late
1980's.

The proposals for the transfer of knowledge and for product model
objects were more academic in scope, since no applications based on such
techniques were used in practice at that time. The work on the object transfer
standard has continued in the form of the OXF transfer standard used in the
OOCAD system [Hannus, 1992].
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Figure 1. An Example of the User Interface of the TELERATAS Building
Information Service

In addition to the standards originally defined in 1987 a need for the
definition of standards for the digital transfer of commercial messages had
arisen. An effort (o find the definition of EDI messages for the construction
industry is currently going on in many European countrics, partly in the form
of international co-operation. In Finland the RATAS committee has assumed
responsibility for this task.

The primary aim of the REDI project, which was carried out by VIT and
some private firms in 1990, was to identify information flows in the
construction process which by their information content and their frequency
lend themselves for EDI-standardisation. The emphasis was in particular on
the information flows related to the procurement of construction materials. A
number of message types, such as purchase order, delivery note, etc. were
recormmended for further standardization.

In the summary report from phase 2 [Enkovaara et al, 1988] a particular
bar code convention had been recommended. In one of the projects of phase
IIT of RATAS a standard for marking building components and materials in
a uniform way for identification was agreed to. This standard can for instance
be used in bar codes but it also has other applications.

90



A Case Study of a National Building Industry Strategy

THE PRODUCT MODEL APPROACH

During 1988-91 VTT carried out a project which developed further the
theory of the building product model and tested it by developing prototypes
[Bjork and Penttild, 1989]. The approach was demonstrated by building f(?ur
prototypes using increasingly complex basic software [Bjork and Penttild,
1991]. The software types used were relational data bases, hypermedia and
CAD-systems. Figure 2 shows an example of a hypermedia user interface to
product model data.

Building level
System level 7 >
Space systems  Structural systems Technical systems
é Links to other applications
. - CAD-system
Sub-system level - Word processing
Floors ire areas . :

Part level N
/ Yalls
| A link to room objects E @
Furniture VWindows Doors Written specification

Detail level

Figure 2. A Hypermedia User Interface to a Building Product Model,
From One of VTT's Prototypes

The results of this project have directly been used in spin-off projects
where the product model approach has been applied to energy-conscious
design. After an initial national prestudy in 1989 [Bj6rk, 1989b] VTT became
involved in the COMBINE project, a multinational project funded by the
European Commission through the Joule research programme [Augenbroe,
1991]. VTT participated in the definition of the typical product model in
COMBINE, the Integrated Data Model. In addition VTT developed one of
the six applications that were integrated in the project, in co-operation with
a Finnish HVAC design firm [Talonpoika et al, 1991]. The application deals
with the design and dimensioning of a radiator network.

Another spin-off project was commissioned by the RATAS committee to
test the usefulness of the product model approach for the management of data
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describing the quantities needed for bidding and construction management
[Penttild and Tiainen 1991]. The prototype in this project was developed using
a combination of a commercial CAD system, a relational data base system
and a hypermedia program. The application which was developed relied
heavily on the use of objects describing standardised components typical for
the Finnish prefabrication-oriented construction industry (eg. hollow core
slabs).

Work on software tools for product modelling has also continued at VIT
in the OOCAD project which aimed at producing a general purpose product
model based software environment which can easily be adapted to the specific
needs of different application domains. The project, which traces its origins
to both the BEC and the RATAS projects, was carried out at the Technical
Research Centre of Finland during 1991-92 [Hannus, 1992]. The OOCAD
implements product model data structures in a combination of software
consisting of a commercial CAD system, a relational database and an
object-oriented programming environment. The data exchange between these
is handled via files containing objects in list form, the OXF format.

Two of the major contractors, Haka [Laitinen, 1992] and Puolimatka, have
tested the product model approach in internal development projects. In
Haka's case a powerful knowledge-based environment was used, whereas
Puolimatka opted for a combination of a CAD-system and a relational
database.

HVAC-RATAS is a large industry-driven standardisation and
development project which aims at defining a detailed conceptual model and
at producing commercial application programs. It focuses especially on
software for the taking off of quantities, bidding and technical analysis, which
will be integrated using a common product model for HVAC systems.
Another co-operation project worth mentioning is Maintenance-RATAS which
aims at defining the data structures needed in building maintenance and at
producing functioning software.

THE OVERALL CIC PROCESS AND NEW DOCUMENT TYPES

A project studying the strategic aspects of computer integrated
construction was included in VTT's large research program for Information
and Automation Systems in Construction [Anon, 1991]. The final report from
this study discusses the benefits that can be achieved via computer integrated
construction. It also places IT into context as one of the means that are
available for developing the construction process, other important ones being
automation systems, the development of systems building and quality systems.
The report discusses a number of concrete proposals for actions which can be
taken both at the construction industry level, the sub-discipline level, the level
of individual construction projects and the level of the individual firm.
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One result of this project was a generic conceptual model which tries to
build a synthesis of the scope and data structures of both product models and
traditional building classification systems. Information categories such as
resources, activities and results but also organisations, documents and agents
are included in the conceptual model [Bjork, 1992a]. The model is shown in
figure 3 using the EXPRESS-G notation. Work on such integrated
construction information data models is at present being pursued by a
number of rescarchers from different countries [Froese 1991, Luiten and
Tolman, 1991].

client

defines
Contract -
producer |
) performs produces
Agent ————  Adiviiy [}  Result
5 a necessitates d Lo
Organisation Micro-level Physical object Information Service
agents
(e used by I
Person Con?put_er Machines and
application tools
- as o)
Resource Dsage ] Re use causes O Cost
? functions as
[ Durable Consumable Offices and
resource resource factories

Figure 3. A Generic Conceptual Model of Construction Project
Information [Bjork, 1992b]

Conceptual modelling techniques can also be applied to the management
of traditional building documentation. A demonstration of an integrated
construction process document management (ICPDM) system has recently
been developed at VTT [Bjork, Huovila, Hult, 1993]. The basic idea of the
system is to distribute information about the documents and changes that are
made to them as messages through a computer network. The documents
themselves are only fetched from the hard disks where they reside when they
are needed. The prototype runs under Windows 3 on a standard PC.
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The ICPDM system covers all kinds of construction process documents
and treats documents as "black boxes" which are described by document
description objects, the basic units that the system handles. Figure 4 illustrates
the type of documents that the system distinguishes between as subclasses.
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design_documentf;
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Figure 4.  Subclasses of the Generic Document Class in the ICPDM
Proposal

In the project detailed EXPRESS and EXPRESS-G schemes have been
defined of the data needed to describe documents for the purpose of
managing them electronically.

It is hoped that based on the prototype and on-going related commercial
development efforts, a system could be created which would form a part of
the TELERATAS system. Such a system would be relatively easy to develop,
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since it adheres to the present way of producing construction documents using
word-processors, draughting systems, etc. Such a system could consequently
be put to use in construction projects earlier than product model based
applications can be expected to appear on the market.

CURRENT STATUS OF RATAS ACTIVITIES

From the beginning of 1992 the RATAS committee changed its status
within the organisation of the Building Information Institute. The committee
is from now on also officially the organisation in Finland which has the right
to submit national standard proposals dealing with construction computing to
the Finnish national standardization organisation.

In order to co-ordinate projects developing product modelling applications
the RATAS committee has appointed a sub-committee for product modelling.
The task of this sub-committee is to carry on the work of defining a building
product data model standard and to monitor and co-ordinate the conceptual
modelling work done in projects run by third parties. It has therefore recently
defined guidelines for projects and applications that claim to be
RATAS-compatible. The guidelines prescribe the use of conceptual data
modelling languages such as Express [CEN, 1991] for documenting the data
structures of the applications. In addition the developers would need to
demonstrate how the data structures of the model or application at hand
relates to previously approved national models such as the framework building
product model of RATAS II, the generic model of OOCAD, and aspect
models resulting from such projects as HVAC-RATAS.

EVALUATION OF THE RESULTS

In table 2 some of the achievements which can be claimed for the
RATAS project are listed along with some of the setbacks and uncertainties
which have been experienced.

Despite some of the setbacks and the difficulties encountered, the RATAS
project is relatively unique with respect to its scope, duration and the
involvement of the construction industry. Its results should be compared with
the results of pioneering activities with similar ambitions in other countries [cf.
Anon 1986, Le Quere 1986, Anon 1989, Yamazaki 1990].

The fact that similar projects are currently being set up or seriously
considered in many other countries is encouraging and seems to indicate that
the RATAS-project has been on the right track. A final evaluation of the
results can, however, only be done after a few more years have passed. By that
time some of the visions which were described in the mid 80's would
hopefully become reality and be in common use in the construction industry.
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Table 2. The achievements and setbacks of the RATAS-project

Positive results

Setbacks and uncertainties

National consensus concerning some
key elements of CIC.

The RATAS committee is losing
impetus and funding. Some criticism
for slow progress towards software
used in practice.

Commercial launch of a single
comprehensive digital construction
information service.

The commercial viability of
TELERATAS has not yet been proven.
A critical mass is needed for a
breakthrough.

Demonstrations on a small scale of the
feasibility and benefits of the product
model approach.

Failure (so far) to produce a detailed
enough building product data model
specification, needed for commercial
software development.

Better compatibility of results in
different development projects, due to
the growing use of similar activity and
conceptual modelling techniques.

RATAS is used as a promotional tag for
projects which sometimes have very
little in common with the guidelines
issued.

Close liaison between researchers and
industry experts in R&D project, which
creates a willingness to adopt the
results.

Involving industry experts often leads
to a long learning process. Often
projects are side-tracked by short-
sighted demands.

96




A Case Study of a National Building Industry Strategy

References

Anon (1986), Report from the 1985 workshop on advanced technology for
building design and enginecring. Washington D.C. Building Research Board,
National Research Council. 54 s.

Anon (1989), BIM bouw informatie model version 3.1. Rotterdam,
IOP-Bouw. 2 folders.

Anon (1991), Information and Automation Systems in Construction -
Research Programme 1988-1990. Technical Research Centre of Finland.
Division of Construction Technology and Community Development, Espoo,
Finland.

Augenbroe, G (1991), Integrated Building Performance Evaluation in the
Early Design Stages, Preproceedings of the First International Symposium on
"Building Systems Automation-Integration”, University of Wisconsin-Madison,
USA, 24 p.

Bjork, Bo-Christer (1989a), Basic Structure of a Proposed Building
Product Model, Computer-aided Design, Vol. 21/2, March 1989, pp. 71-78.

Bjork, Bo-Christer (1989b), Product models of buildings and their
relevance to building simulation, Proceedings of the Building Simulation *89
Conference, Vancouver, Canada, International Building Performance
Simulation Association, pp. 193-198.

Bjork, Bo-Christer (1992a), A Unified Method for Modelling
Construction Information, Building and Environment, Vol. 27, No. 2, pp.
173-194.

Bjork, Bo-Christer (1992b), Data level versus document level information
transfer in computer integrated construction, preproceeding of the
international workshop on Frameworks for Computer Integrated Construction,
VTT, Espoo, Finland, 5-9.10.1992.

Bjork, Bo-Christer, Huovila, P, and Hult, S (1993), Integrated
Construction Project Document Management (ICPDM). Paper submitted to
the EuropIA’93 conference Delft, the Netherlands, 20-23.6.1993.

Bjork, Bo-Christer and Penttili, H (1989), A Scenario for the
Development and Implementation of a Building Product Model Standard,
Advances in Engineering Software, Vol. 11/No 4, , pp. 176-187.

Bjork, Bo-Christer and Penttili, H (1991), Building Product Data
Modelling - Experiences of Prototype Development, Microcomputers in Civil
Engineering Vol. 6, pp. 267-279.

CEN (1991), Express Language Reference Manual, CEN/CLC/AMT/WG
STEP N48, Association francaise de normalisation, Paris, 160 p.

Enkovaara, E, Salmi, M and Sarja, A (1988), RATAS Project; Computer
Aided Design For Construction, Building Book Ltd, Helsinki .

97



Bjérk

Froese, T and Paulson, B Jr. (1991), An Object-Oriented Approach for
Integrated Project Management Software, Working paper no. 11, CIFE,
Stanford University, USA, 15 p.

Hannus, M, Jirvinen, H and Astriim, G (1991), Exchange of Product
Data of Prefabricated Concrete Structures. Preproceedings of the CIB W78
seminar Computer Integrated Future, Eindhoven, the Netherlands, 16-17.9.1991.

Hannus, M (1987), The experience of writing translator software,
International Conference on Data Exchange in Construction, Building Services
Research and Information Association (BSRIA), London, 1-2.10.1987.

Hannus, M (1992), Object-Oriented Product Model Implementations,
Working paper, Technical Research Centre. of Finland, Laboratory of
Structural Engineering, Espoo, 1992.

Laitinen, J (1992), The Use of CIC in Construction Business,
Preproceedings of the Joint International Workshop on Computer Integrated
Construction and Computers and Building Standards, Montreal, Canada, May
1992, IRC.

Le Quere, J (1986), PROJIBAT - Dossier de Dresentation du programme.
Centre Scientifique et Technique du Batiment. 14 s.

Luiten, B and Tolman, F (1991), A Conceptual Modelling Approach to
the Development of Integrated Building Project Models and Systems, 44
International Conference on Computing in Civil and Building Engineering,
Tokyo, Japan, p.7.

Penttild, H and Tiainen, P (1991), RATAS-Building Product Model
Prototype - Quantity take off from a building product model representation
of design data, ARECDAQ 91 Conference Proceedings, 1TEC, Barcelona, p.
83-90.

Saarnivaara, Veli-Pekka (1990), Information technology as a tool for
industrialised construction systems and processes. 2nd Finnish-French
colloquium for Information Technology in Construction, VTT Symposium 119,

.10-30.
P Sarja, A and Leppinen, P (1987), Preliminary models for the computer
aided building design and construction management process, Technical
Research Centre of Finland, research notes no. 606, Espoo, Finland.

Talonpoika, R. Rissanen, H. (1991), The Integration of a Radiator
Network Dimensioning Program With a Building Product Model, Building
Simulation *91 Conference Proceedings, IBPSA, Sophia Antipolis, France, pp.
409-418.

Tuominen, P (1991), Fire Expert - an Expert System for Fire Safety
Regulations in Building Design, In Computers And Building Regulations, VTT
Symposium no.. 125, Espoo, Finland, 1991, pp. 48-52.

98



A Case Study of a National Building Industry Strategy

Yamazaki, Y (1990), Integrated design and construction planning system
for computer integrated construction. Preproceedings of the seminar
" Computer Integrated Construction", CIB Working Groups W78 and W74,
Tokyo, Architectural Institute of Japan, 17 - 19.9.1990.

c. 1993, Management of Information Technology for Construction, K. Mathur
et al (Eds), World Scientific Publishing Co., Singapore.

99



