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INTRODUCTION 

The title of this report on Information Support for Building Economics raises questions about what we mean by 

"information support" and what we mean by "building economics ". These questions have no precise answers but 

the contribution to this report covers a wide range of analyses and viewpoints on both topics and on the 

combination of the two. 

The research needed in the coming years to promote the application of information technology, seems to be related 

to the way of organising construction projects and the collaboration between .the involved partners. We cannot 

view technology itself as a hindrance for improved application of information systems. The most serious obstacle 

for utilizing information technology in the construction sector is probably not computer technological nature but is 

due to norms, structure and culture in the sector. It is, in my opinion, vital for the construction industry that 

information systems for construction are designed to give continuously improved measures on productivity and 

quality aspects on construction. 

This is an essential aspect of building economics. In my contribution to this report I attempt to encircle the concept 

of building economics by tracing back the work of the CIB W55 commission. Building economics may be 

characterised as the application of economic policy, science and techniques on the various fields of practice in the 

industry such as: Projects, Design, Construction, Housing, Infrastructures, etc. This gives an interesting platform 

for studying and developing the various field of work in this commission, of which one field is the information 

systems that support the strategic and planning issues of construction. The other two main fields of research in the 

Commission are the perspectives for the construction industry world wide as the one and the other is assessment 

and construction. 

Research in the combination of information systems and building economics is dealt with in this report. It 

embodies an unavoidable and powerfiil combination of objectives in building research that may raise prosperous 

perspectives for the development industry. 

The CIB W55 commission is pleased with this report, issued in collaboration with the Royal Institution of 

Chartered Surveyors, UK, to present the contributions of this workshop organised by the Research Centre for the 

Built and Human Environment, University of Salford UK. 

Dan Ove Pedersen 

Co-ordinator of CIB W55. 



FOR 

The themes of this special CIB W55 Workshop are information support and an exploration of the 

leading edge technologies, which will provide this support for advances in Building Economics oLrer 

the next decade. 

The state-of-the-art papers presented in this volun~e represent a collation of wide ranging ideas about 

information support for Building Economics and both researchers and practitioners interested in the 

shape of information support and technology in the years to come will be interested in this collection 

of papers. 

Interpretations of information support and the needs of the Building Economist vary considerably. 

A brief description of each paper indicates this range of interests, which include such subjects as 

international data sources, international benchmarking, integrated construction and estimating 

systems. 

In his preface Brnn~zi~n gives a an oven.ieu7 of the dek~elopment of informing technologies together 

with an interesting perception of future developments in this area. 

Consideration of the importance of information technolom. in construction is a major theme. .-lound 

reports on t l~e  implementation of an infom~ation model. which can support the concept of 'con~puter 

integrated constnlction'. ICON addresses the issues of information modelling at the strategic and 

detailed levels. whilst OSCON is aimed at developing demonstrators for application with a central 

database. Ba17g and iYielse~~ explain the 'Telebuild' project for the implementation of IT on building 

sites. Betts ancl Brandon describe the U K  Construct IT Centre of Excellence. a central organisation 

to promote co-ordinate and evaluate the use of IT in construction. hshiro presents a discourse on 

the po~ential of project base development of IT tools for construction, whilst Kntovic et nl are 

concerned with IT application - an information slstem for monitoring and controlling actik-dies 

associated with building maintenance. 

Rosenjeld nnci ltkrsznn'.rki report on the state of automation in construction and Sacks et nl deal with 

automated structural design. 

FVatson and lfhtson evaluate a document retrieval system in their report on the CAIRN pro-ject and 

Cthtson and Yerera report on a case-based estimating s) stem. 

Kel!v et nl present a paper on the "International Benchmarking of Value Management" pro-ject. 

whose objective is to benchmark the performance of value management metl~odologies. 

On information sen-ices. Khosro~lshahi deals u-ith the need to improve the accessibility to sources of 

information and investigates and catalogues the major sources of research information and Ruddock 

looks at information senices available to the researcher concerned with macroeconomic issues. 

R'estcott et a1 report on a project designed to facilitate information exchange for construction 

students and Te~)ipelrrlnns Plat deals with information on investment decisions. 



Pederse\7 assesses the work of the CIB W55 commission on Building Economics over almost three 

decades and the roles that researchers have played in the development of information systems applied 

in the assessment of construction. 

I am indebted to all the authors of individual papers. whose command of their respective areas of 

specialisation, has provided this volume, which will provide stimulus for thought and guidance on 

direction to its readers. and I am also grateful to the panel of reviewers who gave of their time and 

expertise so that these proceedings could be put together. 

I must also thank my co-organisers of the workshop: 

Professor Peter Brandon, Pro-Vice-Chancellor and Head Of the Research and Graduate College 

and 

Margaret Ashurst, Executive Officer. Department of Surveying 

1% ithout whom the workshop could not have gone ahead. 

Les Ruddock 

Research Centre for the Built and Human Environment. 

University of Salford 



PREFACE 

BUILDING ECONOMICS AND THE INFORMING TECHNOLOGIES 

PROFESSOR P S BRANDON 

PRO-VICE-CHANCELLOR 

UNIVERSITY OF SALFORD 

"We are all begirzrzirzg crrzotlzer great journey. We arerz't sure wlzere tlzis orze will leatl us eitlzer". 

Bill Gates. 

Tlze Roatl Alzetrcl 

Tlze Perzguin Group, USA 1995 

Ga-jaraj Dhanarajan, President of the Commonwealth of Learning, made this statement last year: "We are the first 

generation that know for sure that we do not know what the future will be like". The pace of technological change 

has been so great, in the last decade. that businesses, nations and individuals, are having to rethink the way in which 

they behave and work in all aspects of their lives. Nations are having to come to terms with the fact that the 

geographical boundaries that detined them previously, are no longer relevant when the new information I~ighways 

do not recognise such boundaries. Businesses are beginning to understand that they are part of a global economy 

and interdependent upon each other within this new context. They cannot ignore the impact of external competition 

to their organisation, management and activity. Individuals too, now have access to the widest range of knowledge 

and information that any group of persons has ever known in the whole of history. The internet provides all of us 

with access all over the world, and this is forming new relationships, new perceptions, and new views of what the 

future might hold. 

The subject of Building Economics is not immune to such changes. It too must learn to ad-just and adapt to the new 

world. The human limitations which were the origins of many of its techniques are now disappearing, and the data 

on which so inuch depended, is now more freely available. Christopher Evans, in his book "The Mighty Micro", 

Gollancz, 1979, drew attention to the fact that the professions were in terminal decline. He took the view that these 

professions were exclusive repositories of information. This information is the power base from which they work 

and from which they get their status. As the information becomes more public and more accessible, then the 



professions will begin to lose the mystique, which has kept them in their present position. Those professions which 

guarded the knowledge relating to the building cost and design economy, are finding themselves less exclusive as 

the information becomes more readily available through the information superhighways, and through the computer- 

aided design methods, which often include cost as part of their database. This raises real challenges to the future 

of those professions, and to the subject of Building Economics. Can such a subject stand alone from the total 

management of the construction process in which it plays such a part? Will the span of control exercised by a 

Project Manager now encompass the cost knowledge which can be gained over the superhighways, without the 

necessity for an intermediary? Will the routine work of computation, sorting and classification be something which 

is relegated to a computer system with technician support? To what degree can the judgements exercised by a 

Building Economist be encompassed within a knowledge based engineering programme on a computer? 

It has been interesting to observe the development of the Information Technology alongside the development of 

Building Economics over the past three decades. Much has been said about the information revolution, but the 

pattern of development has been one of automating the manual processes involved in estimating cost planning and 

cost control. The benefits of speeding up the process and of reducing human error has been beneficial to the subject, 

but these have been marginal because of the attachment to the previous techniques. So where are we aiming? It 

could be argued that the ultimate computer programme will be one that is close to the attributes that we normally 

expect from human intelligence and human behaviour, but with the added benefit of precision, capacity, and 

computational ability of the machine. As the information revolution advances, it is clear that geographical location 

is not a consideration. The concept that we needed a centralised database, with a gathering together of all project 

knowledge in that database, has been superseded by the concept of objects held over communication networks in 

different locations which can be accessed as and when required. For building objects, there seems to be no bar to 

holding the cost of those objects on the internet, linking them up to the objects in a different location, and then using 

them to provide estimates and control mechanisms normally related with Building Economists. I am conscious that 

the above relates to design economics focused largely on the building as an object. The other aspect of Building 

Economics, where models attempt to predict future economic performance of industries and of firms and 

organisations, also require information which has to be analysed, classified and used in an informative way for the 

benefit of those who need to make decisions, which are of a more strategic nature. The principles however are the 

same, Information Technology will permeate all that we do. 

Technologies which have led to these challenges to our previous way of thinking are an important part of the change 

process. However they are of little value, unless we can do something with the information itself. "Cost Planning 

of Buildings", (Blackwell Science 1991, P257) I suggested there were five possible ways in which we co~lld 

improve our cost information. These are:- 

a Provide cost information quicker 



Provide more information so that a more informed decision can be made 

Provide more reliable cost information, which will introduce more assurance into the decision 

making process 

Provide information at an earlier stage in the design process 

Provide information in a more understandable and useful form 

If we can develop new techniques to suit the new technologies, then it is likely that we will achieve the 

improvements we seek. Even existing techniques can be enhanced by the power, reliability and accessibility of the 

computer but we will not realise the full potential of the machine. If we are to have a real breakthrough, we need 

to consider what we need to do with the information, to ensure that the technology can be used profitably. There 

are a number of key issues which we have to address. These can be summarised as follows:- 

Our modelling techniques must be improved, so that we can identify all the key features which 

reflect building cost. Now that we are no longer bound by the limitations of human limbs and 

the speed at which humans can work, we can think of new ways in which we can model 

construction cost. In particular, we need to consider the issue of process within our models. So 

many of the techniques we have developed relate to physical objects as placed in the building but 

it can often be the organisation and processed of'a building project, which have the major impact 

on its cost. 

Standardisation of these models is absolutely critical if we are to take advantage of the 

information highways and exchange information without ambiguity. Information Technologists 

will argue that this is a temporary requirement because, in time, machines will be able to interpret 

the data that is fed to them in a similar way to human beings. However this is some way off, and 

in the meantime we can speed up the process and obtain the benefits by standardising our 

procedures. It will also enable us to act across traditional boundaries, either national or 

professional, which had previously been a hinderance to us. A number of organisations are 

already working on this matter, but further developments needs to be undertaken to suit the 

particular needs of BuiIding Economists. 

'There must be a willingness to cooperate on the development of our technologies and techniques. 

If we are going to reap the benefits of the information revolution, we must work together for this 

mutual benefit. It is not possible for one firm to develop a particuIar technology and expect the 

rest of the world to follow. The possible exception to this might be Microsoft, or  one of the 

major software houses who use their market power, but that does not appear to be a strong 

possibility at the present time. Hence we need to get government and industry working together 

to develop the tools that will allow us to reap the benefits quickly. The role of government is 



critical in bringing together the parties and providing the pump priming investment. 

We must seek ways of reducing the cost, not only of the technology, but the means by which we 

gather information and place it in the machine. Perhaps the major cost of running software 

systems is the data capture required to provide the benefits we desire. As manual systems transfer 

to automated systems, then data capture will become easier, but nevertheless there is considerable 

research to be done to determine how to do this efficiently and effectively. 

There have been a number of attempts to provide a smooth transition from manual processes, to those processes 

engaging Information Technology. However, looking back over .the last thirty years, it is possible to see a stoplstart 

pattern, which is not conducive to the well being and future benefit of the construction industry. A familiar pattern 

is for there to be a new technology brought to the market, a considerable hype which leads to rapid investment by 

research funding bodies, too high expectations in terms of deliverables, disappointment sets in, investment is 

withdrawn, and a period of some years elapses before the technology is taken up again and used profitably. It must 

be il l  the interest of all of us to avoid this pattern and to enjoy a smooth transition and take up of the technology, 

related to the user need. A recognition of this problem and a melhod of managing the problem is essential. 

In the paper in this volume written with Martin Betts, we have identified key areas or themes, which might form 

the focus for research in the future, harnessing Information Technology for the construction industry. These themes 

are also relevant to Building Economics. The difference may be that Building Eco~~omics  may well find itself 

subsumed into design activities, at least as far as cost forecasting is concerned. In management, the control of cost 

might be subsumed into the project management activity for the construction of the building. It will be interesting 

to see what patterns develop in the str~~cture of the industry, caused by .the new technology over the next twenty 

years. If we were painting a picture of'a typical design process in the future, it may be as follows:- 

* The brief w o ~ ~ l d  be prepared using a knowledge bank of information from previous projects and 

the needs of a client. 

The brief would be interpreted by the machine to provide a framework within which the creative 

designer supported by the machine would investigate the spatial arrangement and massing of the 

building. 

This spatial arrangement and massing might be done using Virtual Reality techniques, whereby 

the participants in the design process gather round a table, in which the objects which form the 

building are projected onto the horizontal surface and viewed in three dimension with 3D glass. 

They design and create the building by manipulating the virtual objects and then they have the 

opportunity to 'walk around' the building they have created using a virtual environment to test 



it's ability to meet the clients demands. The objects themselves will have knowledge and data 

attached to them, so that it will be possible to focus on tlie cost of those objects and investigate 

the composite costs of the building at the touch of a button. The above will change the whole 

nature of the design process and may well begin to de-value the role of the creative designer for 

routine buildings. However it is unlikely that the human flair for innovation thus creating new 

aild interesting design for one off projects will be challenged for the foreseeable future. 

a As design develops the specific ob-jects that comprise the building will be collected from remote 

placed via the internet, places on the table and then positioned in the virtual building model. That 

will allow further refinement of cost, because each ob-ject will come with an expected valuation. 

a At each stage it will be possible to evaluate, using knowledge based systems, the building from 

different perspectives, whether it be structural, management, day lighting, energy, cost etc, and 

visual output of this evaluation of this can be provided in a more interesting and useful way. 

a The detailed model thus created will be used as the basis for the tender, which will be arranged 

over tlie internet with the contractors organisation interpreting the model from their own 

management perspective. This will allow their own particular management processes to be 

applied to the design. (This assumes that open tendering or selective tendering will still be 

appropriate. It may be that there will be no need to have a general contractor undertaking these 

tasks in the future, and that one management team can control the whole process, engaging 

suppliers and sub-contractors supported by the machine). 

a Eventually the building will be constructed with the machine automatically informing suppliers 

and sub-contractors of when they are required on site and their resource needs for the activities 

in which they are engaged. 

a The progress on site will be photographed and checked against the virtual image of the building 

and automatic evaluation for payments and progress will take place. 

a It will be possible for site workers to access the virtual image in three dimensions from the site, 

to ensure that they are building the building correctly, or to check that they have the fulI 

information in three dimensions regarding physical objects. 

a At each stage throughout the design process and construction, a knowledge base will be accessed 

to ensure compliance with regulations and requirements. 



At the end of the project, a virtual model of the building will become the base for any future 

adaptations in the future. It will include information on the cost of items, the manufacture, the 

method of assembly, and the quality control that was exercised. This will form the archive on 

which future adaptations and change will take place. 

This outline procedure is not unrealistic within the next ten years. Whether it will become a reality depends on the 

willingness of funders to support applied research and the willingness of all of us to accept some form of 

standardisation and collaboration together. That will, appears to be growing year by year. Therefore it is difficult 

to predict the speed at which such technology will develop. Of this we can be sure, it will happen one day. The 

barriers are not those of technology, but of finance, human energy and endeavour, and a vision which will bring 

us together for mutual benefit. 

The papers included in this volume are there to demonstrate the knowledge that is already there in various countries 

throughout the world, and to provide examples of current work that is being undertaken. The Centre for the Built 

and Human Environment at Salford has played a major role in developing techniques and technologies, which 

support the UK Construction Industry. These include new protocols for the construction and design process, 

intelligent systems, virtual environments, and integrated databases based on true object-oriented technology, which 

provide the platform for future development. We hope we can be of service to our industry, not only in the UK, 

but worldwide for many years to come. I trust these papers will provide new insight which will be of benefit to all 

who are interested in this remarkable information revolution, which is affecting all our lives. 



INTEGRATION: FROM A MODELLING DREAM INTO AN 

IMPLEMENTATION REALITY 

G. AOUAD 

BUHU RESEARCH CENTRE 

DEPARTMENT OF SURVEYING 

UNIVERSITY OF SALFORD 

SALFORD M7 9NU 

UK 

Abstract 

Many modelling efforts have been undertaken in the construction sector in order to develop 

information models which can support the concept of "computer integrated construction". However, 

very few attempts have been made to implement such models. This paper argues that by adopting the 

protoytyping approach, models can be developed and implemented in a gradual and evolving way. The 

work presented in this paper is based on two research projects undertaken at the University of Salford. 

The projects described in this paper are ICON (Integrated Construction) and OSCON (Open Systems 

for Construction). The experiences learnt so far from these two projects are highlighted and discussed. 

The ICON project addresses the issues of information modelling at the strategic and detailed levels 

with its primary aim to investigate the feasibility of establishing a framework for integrated information 

systems in the construction industry, whereas OSCON aims at developing demonstrators for 

applications such as architectural design, cost estimating, and planning integrated within a central 

database. The main contribution is the development of a set of interfaces between an object oriented 

database (object store) and commercial products such AutoCAD 13, Superproject, and netscape 

navigator in order to allow the sharing of information and to allow for more user friendly interfaces 

using virtual reality technology. The ICON and OSCON projects are very much interlinked, and this 

has allowed for a transitional phase from modelling into implementation. As both projects are steered 

by industrialists with representatives from the major professional institutions (RICS, RlBA and CIOB), 

it was easy to adopt the aforementioned prototyping approach where models and demonstrators were 

driven by the industry needs, and quickly implemented and tested. The iterative approach of re-visiting 

the information models for better demonstrators implementation will be described. In addition, the 

identification of case studies and implementing them has been of great help. This approach has allowed 

the models to expand naturally resulting in much improved demonstrators. This will also be described 

during the course of this paper. 



'The undertaking of a building project involves a large number of participants from different 

construction disciplines. This results in the production of a huge quantity of complex information 

which is often managed inefficiently. In order to improve efticiency and enhance the integration of 

information within the construction industry it is necessary to establish an appropriate information 

structure. This paper reports on the modelling and integration of construction information within the 

context of integrated databases as a means of improving integration. The contextual and conceptual 

  nod el ling of project integrated databases is covered. The feasibility of developing software 

demonstrators is also addressed. 

linproving communications in the construction industry through the development of contextual and 

conceptual integrated models is an urgent task. This industry has suffered in the last few decades a lack 

of proper exploitation of the emerging information technology methods and tools. Systems have been 

developed in the past to meet requirement specified as end products. Not much emphasis on the 

process itself of producing these systems has been considered. Such a process could be highly complex 

as it entails factors such as environment, cost and time implications, etc. However, the technology in 

terms of software and hardware is available now to facilitate such a task. It is vital, nevertheless, to 

stop thinking in terms of end products when developing information systems. It is the whole process 

which should be considered if we want to avoid developing ad-hoc applications of limited use. 

One of the main obstacles in modelling information and achieving integration in the construction 

industry is the large amount of inforination and the complex relationships between the information. In 

addition, when a business is analysed, the problem domain is often too vast to understand using 

traditional techniques such as data flow diagrams. Dividing complicated processes into manageable 

chunks aids the understanding of complex situations. It is therefore vital for the construction industry 

to employ techniques which allow the scoping of the area being analysed. This ensures that integration 

is achieved within a framework rather than on ad-hoc basis. 

In addition, it is of crucial importance to implement models in the form of prototype demonstrators. 

This will help to identify and overcome problems occurring at the implementation stage. This will also 

help in refining and improving the models supporting a particular application. 

2. Previous Work 

A large amount of work has been carried out in the area of Computer Integrated Construction (Sanvido 

et al, 1991, Howard 199 1, Bjork 1991, Reinschmidt et a1 1989). Some form of integration has been 



achieved through product   nod el ling undertaken in Scandinavia, France, USA, Netherlands, UK 

(Brandon & Betts 1995). It is the author's view, however, that product  modelling on its own is not 

enough to establish an integrated environment. It is the combination of productldesign, 

procedurelcontract and processlproduction lttodelling which should establish the structure of the 

integrated database. lntegration through the establishment of standards data exchange is also 

progressing under various groups: EDlCON and AEC STEP Committee (Brandon & Betts 1995, B-jork 

and Wix 1991 ). However, a comnion standard is not currently available. 

117 addition. there have been many efforts undertaken within the context of const~.uction information 

modelling. 'These include the work done within STEP, COMBINE, ATLAS, COMBI, CIMSTEEL and 

other pl-0-jects (Svensson 61 Aouad 1997). The recent 1AI (International Alliance for Interoperability) 

initiative is also involved in n~odelling together with devising a library of exchangeable ob-jects. Some 

efforts have also been undertaken within an implementation context. These include, South Bank 

University (Tah et a1 1996), ClFE (4D pro-ject, Fischer l997), and Taylor woodrow and SPACE (Al- 

shawi 1996). The work described in this paper is the result of five years of research which involved 

both modelling and developing prototypes software. The core of the development is an ob-ject oriented 

database with VR as its interface to information stored in this database. This is a novel approach which 

gives the construction industry a real opportunity to invest in pro-ject integrated databases. 

3. ICONIOSCON Background 

The ICON (Information/Integrcltion for CONstruction) is a research pro~ect sponsored by the EPSRC 

(Engineering and Physical Sciences Research Council) undertaken at the University of Salford in the 

United l<ingdo~ii in order to define contextual and conceptual models for an integrated database (Aouad et 

a1 1994). This project mainly deals with developing a framework and lnethodology for design, 

procurement and construction management. ICON'S primary aim to assess the feasibility of 

establishing an integrated database for thc construction industry. 

OSCON is a DOE funded pro-ject which mainly aims at developing demonstrators for applications such 

as architectural design, cost estimating, and planning integrated within a central database (Tracey et al 

1996). The main contribution is the develop~nent of a set of interfaces between an ob-ject oriented 

database (ob-ject store) and comlnercial products such AutoCAD 13, Superproject, and netscape 

navigator in order to allow the sharing of information and to allow for more user friendly interfaces. 

Both pro-jects have been developed by a group of researchers from IT and construction backgrounds, 

assisted and guided by a steering group of industrialists and representatives of the major professional 

institutions in the UK (RIBA, RICS, CIOB) and representatives of building standards (NBS). The 



prototyping approach has been adopted for both modelling and implementation. This has allowed the 

models and applications to be driven by the industry needs. 

3.1 The lCON/OSCON model 

Figure 1 gives a schematic representation of the model adopted by ICONIOSCON. It is clearly shown 

that ICON deals with high level modelling whereas OSCON addresses the issue of implementing 

models using object oriented databases. This model will be described in the following sections. 

Figure 1 The LCONIOSCON Model 



3.2 Contextual modelling in ICON 

Contextual models help in defining areas or pools (top level models) of information which can be 

automated or integrated. For instance the two applications of planning and estimating which tend to share 

a large amount of data should be clearly identified ~ising the techniques described in the following section. 

The ultimate result of contextual modelling is the definition of a top level model of areas or activities 

which exist independently of the nature of the discipline involved. The technique described in this 

paper is that of clustering and affinity analysis matrices using the Information Engineering Facility 

(IEF) CASE tool which is based on the Information Engineering Method (Martin 1986, Reinschmidt 

1989, Richmond 1992, Aouad et a1 1993) . Using such techniques, the analyst can map the functions to 

be performed by the business/industry/project against the information required to support these 

functions in the form of a matrix . Every function is then analysed in order to establish whether it will 

Create, Update, Read or Delete the data associated with it. The result of such a task is known 

colloquially as the CRUD matrix. 

Following the establishment of the CRUD matrix, a clustering algorithm can be used to cluster areas 

rather than functions (highly populated areas within C, R, U, D) to show areas which are suitable for 

automation and integration. This mechanism is very helpful in prioritising potential areas in terms of 

information requiremeilts. It also helps in identifying departments which can share information about 

certain aspects of  a project. The problem of communicating between several firms in the construction 

industry can be facilitated as areas of responsibilities can be highlighted using the matrices. 

Another technique which can be used is to cluster areas suitable for automation and integration using 

the affinity matrix. This matrix is based on affinity numbers which can be established between 

functions sharing the same information. The IEF uses a computerised algorithm to caIculate the affinity 

between the functions . It then groups them into clusters of high affinity (See Fig 2). Functions of high 

affinities are identified as potential candidates suitable for integration. 



Figure 2 an ICON affinity matrix (Aouad et a1 1996) 

It is worth mentioi~ing at this stage that the production of the CRUD and affinity matrices is probably 

iinpossible to be carried out manually specially for large organisations. However, over the last decade, 

CASE tools which can autoinate the deveIopment of information systems generally, and matrices in 

particular, have started to emerge. 

In the past, contextual i~~fon l~a t ion  modelling has tended to concentrate on either the data or process 

aspects of information independently of each other. The information presented in the matrices, 



however, indicates the interactions between the processes and the data. The use of such a two- 

dimensional technique can be helpful in establishing the ways in which processes act on data and in 

discovering what changes are made to the data. Use of such an approach could ensure the design and 

implementation of appropriate information structures which will improve the integration of 

information within the construction industry as a whole. Figure 3 shows the high level contextual 

inodel derived from the matrices. 

Figure 3 ICON high level contextual rriodel 

3.3 Conceptual/Dornain Modelling in ICON 

Once a contextual model for the integrated database has been established, the next phase of modelling 

was concerned with the co~lccptual modelling of the areas of design, procurement and management of 

construction using object oriented techniques (these areas are within the scope of the ICON pro-ject). 

Having performed an activity decomposition, a stage has been reached where object oriented models 

have been added. Unlike traditional data modelling techniques, the object oriented paradigm models 

reality as a collection of ob-jccts talking to each others using messages. The behaviour of one object 

may result i l l  changes i l l  another object. This is done through message sending. The object oriented 



paradigm also supports the notions of encapsulation, abstraction, inheritance and polymorphism 

(Martin and Odell 1992, Aouad et a1 1995) which were considered as a must to handle the complex 

task of information modelling. Encapsulation permits objects to have properties (data) and actions 

(operation). For instance, an ob-ject "beam" can have properties such as "length", "width", etc and 

behaviours or actions such as "move beam", "calculate load on beam" etc. Abstraction allows the 

analyst to abstract information according to requirements. For instance, the information about a beam 

can be abstracted in terins of properties, shape, materials, etc. Inheritance allows information in the 

parent object (beam) to be inherited by the child object (Cantilever beam). Polymorphism allows 

objects to have one operation which can have different implementations. For instance, an operation 

"calculate area" can be attached to an object called "beam". However, the implementations of this 

operation are according to whether the beam is a "rectangular beam" or "T beam", etc. 

Another major benefit of object orientation is the support of the notion of reusability. Using such a 

notion, integrated databases can be developed from re-usable object oriented components which can be 

assembled as required. 'This is very similar to the way a building designer uses re-usable plans that can 

be configured to hislher requirements. 

Object modelling captures the object types (data) within the modelled activity along with the 

relationships between objects and the operations which can be performed on the objects. In the ICON 

project, each object model represents a perspective of the information required by a certain 

domainlactivity. In theory, the overall ob-ject inodel for the integrated database contains all the 

domainlactivity object models. Such a model is beyond the comprehension of the user. It is the 

domainlactivity object model which is of concern to a specific user. Fig 4 describes a conceptual core 

object model for an integrated database. In Fig 4, rectangles represent object types such as component, 

task, etc plan. The lines joining object types represent relationships. For instance, the line joining 

design and component defines the relationship between these two object types. This relationship can be 

read as: a design has one or many components and a component belongs to one design (small line 

represents one occurrence whereas the crow's foot defines many occurrences). 



Figure 4 Core model 



The core inodel contains core concepts which are required by the applications incorporated within 

OSCON. A key concept in the core model is the component and component spec as they are mainly 

used in defining the work iteins used by estimating and operations used by planning. Other researchers 

look at building core models within the context of four concepts: product, process, control and 

resources. This is used by (Wix and Storer 1996) and (Bjork 1991) and (Luiten et a1 1993) in the 

definition of IRMA. In the OSCON model, the concepts of product, resource and dependency (control) 

are generic and can be used by other industries or disciplines. It has to be stated from the OSCON's 

experience that the definition of a core model facilitates the implementation of integrated applications. 

3.4 Object model implementation in OSCON 

'The inodel developed by ICON has been implemented in the object oriented database. The prototype 

has been developed in C++ on the PC under Windows IVT using the Microsoft Foundation Classes 

application framework. The Objectstore OODBMS was used in conjunction with the Object 

Engineering Workbench (OEW) lnodelling software to implement the project database. The OEW 

software was used to automate the production of the object inodel which can support the applications 

which are within the scope of the project. 

3.5 Produce applications 

This section describes the OSCON demonstrators to illustrate how information can be modelled and 

slial-ed between various disciplines. A case study provided by the industry has been chosen to 

demonstrate how information can be modelled in AutoCAD, Superproject, and an estimating 

environment etc, but the underlying information used is stored in the Objectstore object oriented 

database which has been developed as a means of sharing information. A process management 

prototype software and a VRML interface have also been developed as part of the integrated database 

(Marir et a1 1997). 

3.5.1 The AutoCAD demonstrator 

A model describing the design of buildings was developed by the research team. This model contains 

concepts such as building element, space, etc. This model has been implemented as an object oriented 

database. Each concept when implemented can be referred to as a class. The classes supported by the 

ob-ject oriented database have their counterparts in the AutoCAD drawing package. For instance, the 



user will be creating an instance of the concept "wall" or "space" within AutoCAD, but the infonnation 

underlying these concepts are defined within the database. These types of concepts can be found in 

most buildings. The CAD system should be used as a front end to display a graphical representation of 

the building and its components. The attributes which form part of blocks should be stored in the object 

oriented database rather than in the block det'inition of AutoCAD because it is very awkward to 

manipulate blocks. Drawing primitives such as lines, 3Dface, etc should be used to model the layout of 

a building. However, the information describing these co~nponents is stored in the object oriented 

database. 

An interface between AutoCAD 13 and tlie Ob-jectstol-e object oriented database was implemented. The 

user of AutoCAD interacts with its drawing editor using commands helshe is familiar with. Graphical 

representations of building elements, etc can be produced within the AutoCAD package. However, the 

infor~nation regarding these elements will be stored in the ob-ject oriented database rather than in the 

AutoCAD drawing database. This approach allows information about the geometry, shape, cost, 

material, of an ob-ject etc to be stored within the same database. 

This interface provides a si~iiple environment for designing buildings. The design primitives are walls, 

Lvindows, doors etc (see flgure 5 ) .  As design ob-jects are created through the AutoCAD interface 

corresponding ob-jects are created in the Objectstore database. The information which is used to draw 

these ot,jects on the AutoCAD screen comes directly from the instances in the database. This ensures 

that the screen reflects the design database. This also Ineans that changes in a design could be 

immediately propagated to other areas of the pro-ject database. For instance, if an on-line project 

planning package was accessing the database then it may be possible to change a part of the design and 

immediately see the impact these changes ivould have on tlie pro-ject schedule. 
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Figure 5 A design view 



Figure 6 shows the ob-iectstore browser with information about the design model. This demonstrates 

that once the design information is created, it is stored in the object oriented database rather than in the 

AutoCAD database. 
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Figure 6 The ObjectStore browser (Design view) 

3.5.2 The superproject demonstrator 

An interface between the Superproject project planning package and ObjectStore was implemented. 

The user of Supei-pro-ject uses facilities provided within this package in order to schedule and update 

the project plan. However, inforination about duration, etc is stored in the object oriented database. 

Any changes to design parameters which will affect activities durations will be recorded in the object 

oriented database. This ensure that information in the project plan is consistent. 



CA-Superproject was chosen as an example of an existing project planning package which could be 

used via a translator program to access information from the database. The information is held in the 

Object Store database as instances of the classes from the Construction Planning Perspective in the 

ICON models. SuperProject can import and export its data in text file format. Thus the translator in this 

case is fairly simple. To transfer data from the database into SuperProject the translator program 

simply needs write the data from the objects in the database to a text file which SuperProject can 

import, and to transfer data from SuperProject to the database the translator program need to parse a 

project file exported from SuperProject and create or update the objects in the database. Figure 7 shows 

the OSCON planning application. 
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Figure 7 OSCON planning application 

3.5.3 The Estimator 

The OSCON team have developed a resource-based estimating application (Figure 8). The application 

looks like a spreadsheet which is easy to use. The estimating application can be used as a stand-alone 



application or integrated with the CAD model. A library of standard work items and standard resources 

which can be company specific is used to identify work items and resources for a project. The user can 

start a new project and copy this library into the new project and use the most appropriate work items. 

Helshe can change the quantity, rate, etc. and see the cost implications. Alternatively, the user can 

generate the work items and quantity take-offs from the design model. The work items will then pull 

the appropriate resources associated with them. The user can experiment with the design model and see 

the cost changes within the estimating package. 
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Figure 8 OSCON Estimating Application 

3.5.4 The Virtual Reality Utility 

The VR application reads information about the design produced in AutoCAD from the database and 

displays it in a virtual reality environment. This provides better visualisation using the web-based 



VRML (Virtual Reality Modelling Language). This utility shown in Figure 9, will be used as a means 

of interrogating the integrated database remotely over the Internet in order to allow practitioners within 

the construction industry better access to the OSCON integrated database. 

The potentials of using virtual reality as an interface for an integrated project database using the World 

Wide Web is of crucial importance. VRML is one of the newest open technologies on the web. It 

allows the creation of 3D views and worlds which can be explored in real time. The need for remote 

accessing of inforination within an integrated environment could no longer be ignored. For instance, 

site engineers can query the database from their sites if they have access to a modem and the Internet. 

Technologies are now available which can be used to this end. The Internet and its facilities should be 

exploited for the benefits of better management and retrieval of construction information. 

Virtual Reality has always been looked at as a visualisation tool. However, OSCON has used VR as a 

user interface. For instance, the user should interact with a 3D column in VR rather than a column in 

traditional database environment. This will allow the construction practitioners better access to 

information which will motivate them to use integrated databases. 
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Figure 9 OSCON VR utility. 



3.5.5 Project Manager Utility 

Design fixity and other process issues are becoming very important within the construction sector. In 

addition, projects in the construction industry are increasingly characterised by large numbers of actors 

working concurrently at different locations and using heterogeneous technologies. OSCON is designed 

to support this kind of collaboration by developing an integrated construction database that can be 

accessed by any of the actors. To ensure the success of a given construction project and prevent any 

problem that may arise, the actors involved in such collaboration should be continually informed and 

asked to limit their actions within the project requirements and aims. It is also useful to record the 

action taken by any actors during the life cycle of the project. The Project Manager utility shown in 

Figure 10 developed within OSCON project aims to address practically these issues by allowing the 

participant in charge of the construction project to manage communications between the different 

actors and to inonitor the progress of each task of the project. As an example of use of this utility is to 

limit access and manipulation of a given project design to only participants which are involved in this 

process. It can also be used to freeze or unfreeze a design depending on the client requirements who 

might be happy with a version of design and therefore needs not to be altered. This can be applied to 

project costing, planning and virtual reality interface. This also, will be helpful in locking results of the 

different applications once they are completed. 
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Figure 10 OSCON Project Manager 



3.5.6 The overall applications put together 

The following diagram illustrates how the applications can be put together in an integrated 

environment through a case study. A case study provided by an industrial fm has been implemented 

within the system. The case study consisted of a four room bungalow together with time and cost plans. 

The AutoCAD design interface was used to generate the design layout of the building. In reality, the 

design information was instantiated in the integrated object oriented database and displayed in 

AutoCAD. The design information was then used in generating quantities which are used by the time 

and cost planning prototype software. Durations and rates of various construction activities were 

produced by the system. The VRML application was used to show the building in 3D and to retrieve 

information about specific objects in terms of cost and time. 

Figure 11 The OSCON overall applications 



4. Methodology for lmplernerltation (Prototyping experiences) 

The application prograins and the shared database have been developed side by side. By building 

prototype applications, the developers (researchers) were able to identify the needs of the practitioners. 

The practitioners were not directly involved in the task of inodelling the shared database. Rather, they 

assumed the role of clients for the applications being developed. The researchers demonstrated the 

software and interviewed practitioners on an individual basis. From these interviews the researchers 

gained the knowledge necessary to improve both the applications and the shared database rnodel. As 

more functionality was added to each of the applications the database model grew 'organically'. 

To support this iterative development approach the researchers focused on so called 'use-cases'. A use- 

case is a specific, well-understood procedure which the software is required to support. An example of 

a use-case is the requirement of a Quantity Surveyor to be able to calculate the total glazing area of a 

building. To support a use-case such as this the QS application will be enhanced, which will in turn 

lead to further modification of the shared database. 

It is believed that this prototyping approach was very helpful and led to a useful end product. This 

approach allows better management of the applications and speeds the development process 

4.1 Implementation options (experiences) 

The software develop~nent was carried out on 1BM PCs running the Microsoft Windows graphical 

environment. For application development there were two strategies which could be adopted: 

1 .  Progra~ns could be written for the purpose of linking existing Windows applications to the 

central database. 

2. An entirely new set of applications could be developed. 

The advantages of the first approach are that existing applications will already contain a large amount 

of functionality, and practitioners may already be using such packages. The disadvantage is that such 

applications are primaril~, designed for stand alone use, and thus may not provide the facilities 

necessary for sharing information via an external database (especially in real-time). Also, the costs of 

purchasing copies of these applications needed to be considered. 

The advantages of the second approach are that the new applications could be written with integration 

in mind, and could be made to interact with each other in real-time. We would not be limiting 



ourselves to any particular types of application, or to the products of any specific manufacturer. If we 

were to develop our own applications we could distribute them at a nominal cost, without requiring 

that the users also buy copies of other commercial applications. Also, we would not ourselves have to 

purchase any third party software. From an IT research perspective, this approach provides more scope 

for creative solutions. If this approach were to be taken we could use a visual programming 

environment such as Visual Basic or Visual C++ for rapid prototyping. 

In the end we decided to use a mixture of the above two scenarios. In particular, it seems inevitable that 

we will have to use a proprietary CAD environment such as AutoCAD. 

For the shared database there were also two choices: 

1 .  Use an object-oriented database system such as Objectstore. 

2. Use a well-established Windows database such as Microsoft Access. 

The first approach would require the researchers to implement the database using C++ code. This 

would be very time consuming, and lack flexibility. However, it was possible to purchase a CASE 

tool (OEW). This has allowed us to model and document the database (Schema generation). 

The second approach would provide us with a quicker route to a prototype. Many application 

development environments such as Borland C++ and Visual Basic provide libraries for communicating 

with Access databases. Microsoft Access is also increasingly being shipped as bundled software with 

high-end PCs. The disadvantage of the Microsoft Access route is that it would produce a database 

which is not object oriented. The final decision what to choose the object oriented database. 

5. Conclusions & Recommendations 

This paper emphasised the importance of establishing a framework into which models from different 

domains can fit. This paper also demonstrated how contextual and conceptual modelling can facilitate 

the development of prototype applications. The adoption of an implementation methodology has aIso 

proven to be helpful. This paper has also described the concepts behind the ICON and OSCON 

integrated databases projects being undertaken at the University of Salford. It is concluded that 

ICONIOSCON have a lot of potentials which can offer to the UK construction industry. 

ICONIOSCON have highlighted how applications can be developed an integrated into an environment 

which will allow for better information management and integration resulting in improved productivity 

and quality. 



This paper has demonstrated the feasibility of developing models and prototype applications within an 

integrated object oriented environment. The industry can significantly benefit from the development 

through the potential capabilities the system can offer. The following recommendations are therefore 

derived: 

The industry is now in a much better position to start experimenting with integrated applications. 

The ultimate aim is to make these applications of comlnercial values once enough confidence is 

gained by the industry of the potentials of these applications. 

Object technology needs to be considered by the industry because of the many benefits it can 

offer. 

Virtual reality as an interface and communication technology, in addition to its visualisation 

capabilities should be considered by the industry. For instance, VRML which is freely available on 

the web can be used remotely to interrogate an object oriented database. 

The potentials of ICONIOSCON can only be realised through more case studies which can be 

implemented within the system. It is therefore recommended that further improvement of the 

prototypes can be achieved through information provided by the industry. 
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This paper describes an ongoing collaborative research project, "TeleBuild", for implementation of 

information technology (IT) on Danish building sites. Technical solutions encompassing 

telecommunication of sound and pictures have been developed on the basis of problems frequently 

experienced on building sites. The technical solutions are described along with the plans for their testing 

and implementation via participation by selected (lead) users. A theoretical approach, transaction cost 

economics, is introduced and its applicability to the field and problems in question are discussed. Basic 

transaction cost reasoning is then applied to the project set up in order to identify possible problems and 

potentials in the implementation of the technical solutions presented. Finally, some conclusions are drawn 

with regards to the design of a framework for the testing and implementation stage of the research 

project. 

I. Project background and status 

The TeleBuild project takes its starting point in an apparent paradox. In spite of the rapid developments 

in telecommunications and other information technologies it seems that the firms in the building sector 

have had difficulties in exploiting the progress in information technology on the building sites. A few 

observations help to substantiate our assertion: 

the activities in the construction phase have the greatest economic impact on a building project. 

many changes are negotiated during the building construction phase due to incomplete planning 

and design and due to mistakes and changes made during construction. 

The "TeleBuildl' project is organised by TeleDanmark (TD) and the Danish Building Research Institute 
(SBI). The project (SBI ref. F5-196) is sponsored by the "Project Renovation" programme of the Danish 
Mil- ist try of Housing and Building (the " B j ~ l d e r b ~ k "  and "Victolmiagade" buildirlg projects) and by the 
PPU Consortium which is supported by the "Process and Product Development in Building" initiative of 
the Danish Agency for Development of Trade and Industry (the "Skelb~kvej" building project). 



very little R&D effort has been devoted to introducing IT solutions aimed at meeting the 

particular needs of building sites. 

The main focus of the TeleBuild project is to exploit new technologies within tele-based transmission of 

sound and pictures to improve performance on building sites. Hence, the project is from the beginning 

aimed at communication of non-programmed information but may at a later stage be extended to 

encompass some kinds of programmed information. 

Accordingly, the research strategy of the TeleBuild project is to begin with the problems and needs faced 

by firms on building sites. From there, key areas are identified which are likely to improve the results of 

the building process. On the basis of the key areas identified new technical solutions are proposed 

primarily by combining and application of existing technologies. Through application the technical 

solutions are then tested and refined on building sites in cooperation with a limited number of (lead) 

users. Two of the building sites are housing renovation projects and one is construction of new housing 

units. 

To facilitate the exploitation of information technologies by firms on building sites two organisers have 

joined forces and initiated the TeleBuild project with the support of other public and private 

organisations. One of the organisers, TeleDanmark, is the leading supplier of telecom services in 

Denmark and holds considerable experience in both research and commercial exploitation of information 

technologies. The other organiser, the Danish Budding Research Institute, is a sectoral research 

institution with expertise in the fields of productivity studies, building organisation and building 

technology. The project receives financial support from the Ministry of Housing and Building and the 

Danish Agency for Development of Trade and Industry. 

So far, a range of problems have been identified by visits to a number of building sites and a number of 

key areas for improvement of the building process have been put forward. Currently, the search for new 

technical solutions is being finalised and the technical solutions are being prepared for testing. The next 

step, thus, is to introduce the technical solutions to the users on building sites. Testing and refinement will 

take place in cooperation with users on the three separate building sites over a period of approx. twelve 

months starting Summer 1997. In this paper the main focus is on the two building projects for which 

implementation and testing are to begin first - the renovation project "Bjaelderbaek" and the new housing 

project "Skelbzekvej". 

2. Identification of main problems and key areas for improvement 

Among the problem areas that were identified as particularly important with regards to building site 

productivity were design mistakes, supplier mistakes, construction mistakes, supervision and activities 

regarding documentation/liability. 



By analysing the main problem areas identified it was possible to identify four key areas for 

improvement: 

remote diagnosis 

remote supervision 

document exchange 

conference. 

The need for remote diagnosis can be either real-time or delayed (with a time lag). In the case of real- 

time diagnosis communication of pictures follows immediately after recording. In case of delayed 

diagnosis recording takes place first and only at a later stage are pictures communicated. In the first case 

recording of pictures can be continuously directed by the receiver to ensure their appropriateness - the 

receiver may be a technical expert or another decision maker. In the second case facilities for editing, 

storage, organisation and manipulation of pictures are more important. 

Remote diagnosis and remote supervision requires transmission of sound (discussion) and picture (of the 

problem being discussed) whereas document exchange demands storage facilities. Conference facilities 

furthermore require that two or more participants are able to follow the same pictures simultaneously. 

3. Presentation of technical solutions 

The technical solutions proposed on the basis of the key areas for improvement encompass two basic 

parts. The first is a socalled "hardware" solution which is used for recording and transmission of digital 

pictures from the building site. The second is a "software" solution which makes it possible to store, 

communicate and manipulate the digital pictures recorded.' The system is flexible in use. Transmission of 

pictures can take place using either a mobile (GSM) phone connection or lSDN telephone lines. The 

"hardware" part of the system can be used independently of the "software" part. Only if the additional 

features offered by the "software" part are wanted is it utilised. All receivers must have a modem PC with 

the necessary Intranet connections and picture dialogue board in place. 

The "hardware" part includes the following components: 

video camera capable of recording digital still pictures (includes monitor and zoom facilities) 

frame grabber 

picture transmitter 

2 "Hardware" encompasses the activities of recording and transmission; "software" encompasses 
storage and comm~,~nication. 



GSM tele terminal 

battery 

a case for transport. 

This equipment makes possible recording and transmission of still pictures from the building site. The 

camera may be used separate (recording on video tape) or for mobile transmission with the camera 

attached to the other components in the transportation case. 

The "software" part includes the following components: 

central Intranet server ("web hotel") 

archive tree structure so that every picture can be placed under a problem name 

conference facilities with faciliiies for indication, drawing, writing etc. on the same picture by 

different persons. 

For each building site an Intranet structure is established. The system makes possible storage, 

organisation and manipulation of digital pictures and related information. With this system several 

persons may access the same pictures simultaneously. For a building project none of the individual firms 

involved need to undertake investments in server facilities nor do they need to be involved in setting up 

the system, maintenance, security, backup etc. The operator of the server (TD) simply charges a fee for 

using the lntranet system. Since Intranet solutions are set up on a project basis the building industry 

practice of working with changing parties does not hinder implementation. 

The key areas for improvements that were identified can be interpreted as three main problem solving 

concepts: 

1 .  Real time problem solving or observation of progress - transmission of sound and pictures. 

2. Delayed problem solving - pictures and related information are stored for later discussion. 

3. Documentation - storage of pictures and related information of more permanent value, e. g. for 

quality insurance, building operation etc. 

The interdependence between problem solving concepts and the underlying technical features can be 

illustrated as follows: 



Table 1: Problems solving concepts and underlying technical features 

An example of a possible setup (for the renovation project "Bjzlderbzk") is provided in the following 

figure: 

Figure 1: lnformation exchange for the renovation project "Bjaelderbaek" 

Problem solving 

concepts 

1.  Real time 

problem solving 

2. Delayed 

problem solving 

3. Documentation 

The thickness of the lines in figure 1 can be used to illustrate the expected traffic intensity between the 

different parties to the project. The camera facilities on the building site are used primarily by the 

architect and a number of contractors - whereas the use of conference facilities is likely to be limited to a 

few key decision makers. 

Technical functionalities 

Direct transmission of pictures to receiver's PC 

Recording, transmission and storage of pictures with 

possibility of using conference facilities 

Storage and organisation of pictures for later use 

System utilisation 

Primarily 

"hardware" 

"Hardware" and 

"software" 

Primarily 

"Software" 



4. Project objectives and research design 

The overall objective of the project can be formulated as follows: 

Through implementation and testing of IT concepts to document that productivity gains are 

substantial enough to warrant the adoption of the technical solutions because of the economic 

advantages to the organisations involved. 

Other more detailed objectives may be: 

reduction of waiting time - i.e. working hours lost, time spent on problem solving etc. 

reduction of the number of defects - i.e. waste of materials, expenses for reparation and 

rectifying etc. 

increased quality of construction - increased client satisfaction 

documentation of final building - for operations management and repair 

increased understanding of other parties' problems - for long term gains. 

Naturally, the objectives stated serve as important parameters for collecting information from the project 

participants on the results of the efforts. Through testing and evaluation of how the concepts are used on 

building sites we are able to continuously refine them. Furthermore, the observations will be substantiated 

by productivity data - as documentation for the improvements that the concepts present for the firms. 

The practical realisation of the implementation and testing part encompasses the following steps: 

briefing of participants 

instruction in use of technical solutions 

frequent reporting from participants 

follow up interviews - changes in research design and/or utilisation of solutions 

observation of selected situations of utilisation 

cross-project comparisons 

follow up meetings regarding problems, opportunities and perspectives. 

For data collection the starting point is the actual usage of the problem solving concepts. The participants 

are expected to report on each utilisation which is also recorded by the system itself. This material forms 

.the base for follow up interviews and evaluations of actual use. Frequent analysis of data is necessary to 

ensure .that the objectives of refinement (in use and technically) and documentation are met. Thus, a 

number of working papers will be produced and serve also as the basis for the final report. 



Among the further perspectives in this project is the potential broadening of the use of technical solutions 

(and their commercialisation). Furthermore, in a longer term perspective the Intranet system may be 

extended as a structure through which site managers, design consultants etc. can access total project 

information at any time via a PC in the form of project data bank common for all parties to the project. 

5. Transaction cost economics as a theoretical perspective 

Transaction cost economics, which is part of what has been termed "New Institutional Economics", is 

concerned with issues of organisation, economics and law (Langlois 1986, Williamson 1985). 

Transaction cost economics is based on an insight by Nobel Laureate Ronald Coase (1937) who 

explained the existence of firms by pointing to the costs of transacting through market relations (in 

addition to the costs of production). The theoretical problem has also been formulated as a choice 

between hierarchies and markets (a "make or buy" decision) in organising economic activities 

(Williamson 1975, 1985). 

A transaction occurs when a good is transferred across an interface where one stage of activity ends and 

another begins. According to this definition transactions may take place both between and within firms 

(in the latter case the costs of transacting are often referred to as administration costs). Transactions are 

important because they are costly, indeed, transaction costs could be seen as the economic equivalent of 

friction in physical systems (Williamson 1985). Accordingly, transaction costs are the costs of running 

the economic system. With the friction analogy in mind, in the TeleBuild project introduction of 

infornlation technology on the building sites could be viewed as utilising "roll bearings" to improve 

efficiency. The aim is to lower the costs of transactions by irllproving cooperation between firms 

participating in building projects through facilitating of communication between the parties. 

Consequently, we attempt in the following to analyse how the TeleBuild project can contribute to 

lowering the costs of transacting for the firms involved and for the building construction sector more 

generally. 

Three main categories of transaction costs can be identified: 

contact costs associated ~ ' i t h  market research and the search for and screening of suppliers. 

contruct costs associated with specifying the detailed contract between the parties. 

control co.vts associated with enforcing the contract after it has been entered." 

Especially contract and control costs are likely to be of interest with regards to the TeleBuild project. In 

building projects, and particularly in renovation projects, it is often impossible to define in any great 

-- - 

Milgrom and Roberts (1992) emphasise the activities of coordination and motivation when 
cornrnenting on how transaction costs arise. 



detail the work to be carried out in advance. Rather, specification of the work to be carried out is an 

ongoing problem solving and negotiation process. Also control of the work that has been carried out is 

likely to require some attention from the parties to the building project. Indeed, the project's key areas of 

remote diagnosis and remote supervision seem to be particularly promising. Among the main problem 

areas design mistakes, supplier mistakes and construction mistakes are likely to cause renegotiation of the 

details of the contract (contract costs) whereas supervision and activities regarding 

docun~entation/liuhility are more aimed at enforcing contractual obligations (control costs). 

Modern transaction cost economics is based on two behavioural assumptions as explained by Williamson 

(1985). Decision makers are assumed to be boundedly rational and opportunistic. Bounded rationality 

implies that decision makers will not be able to foresee all the contractual changes that may be necessary 

in the course of a contractual relationship, that is, comprehensive planning is not possible. Opportunism 

implies that a decision maker cannot always be trusted to fulfill his contractual obligations, that is, 

promises are not always kept. 

In addition to the behavioural assumptions transaction cost analysis relies on three variable dimensions - 

asset specificity, uncertainty and frequency - which are used to characterise different kinds of transactions 

or contractual s i t ~ a t i o n s . ~  ~ s s e t  specijirity is considered the most important of the three dimensions. It is 

defined as the degree to which investments are incurred in support of particular transactions.' Asset 

specificity is important as a result of the existence of human opportunism, which can lead to hold up 

problems in ongoing transactions because the value of investments are lower in best alternative use. 

Consequently, the parties to a transaction matter and resources will be spent on contractual and 

organisational safeguards to protect transactions from potential hold up problems (Williamson 1985, pp 

52-56). For instance, transaction specific investments in human assets are frequently undertaken during 

contract execution in the form of specialised training and learning-by-doing economies. Also, familiarity 

between contract parties permits communication economies to be realised on the basis of trust relations. 

The uncertainty dimension specifies the extent to which disturbances are likely to arise. Uncertainty is 

thus a measure of the need for adaptation to change, which makes enforcement of contracts difficult. The 

frequency dimension describes how often similar transactions occur between the same parties, which is 

important in relation to the undertaking of investments to protect transactions. With more frequent 

transactions (greater intensity in interaction) the relation may be valued highly enough to warrant 

investments in more specialised forms of governance. 

4 Other dimensions have been suggested, e.g. by Milgrom & Roberts (1992) who specify five different 
transaction attributes: (1) asset specificity, (2) frequency and duration, (3) uncertainty and complexity, 
&4) difficulty of performance measurement and (5) connectedness to other transactions. 

Six different types of asset specificity have been identified (Williamson 1989): (1) site specificity, (2) 
physical specificity, (3) human specificity, (4) dedicated assets, (5) trade mark specificity and (6) 
temporal specificity. 



Transaction cost economics has been particularly useful in analysing different contractual problems in 

order to come up with an appropriate organisational solution. Generally, a comparative institutional 

perspective is relied on in which different organisational structures are evaluated in terms of economic 

efficiency, i.e. cost minimisation. It should be remembered, though, that what is compared is the total of 

transaction, administration and transaction costs for each alternative. 

The closest we in building construction get to examples of pure market modes, where transaction costs 

are negligeble, are in pi~rchasing of highly standardised components or basic materials such as timber, 

bricks, gravel and ~ e m e n t . ~  such market transactions are usefully contrasted with hierarchical 

organisation in firms, where transactions are generally more specific, more uncertain and more frequent. 

In addition to the extremes of pure market and pure hierarchical modes of organisation a number of other, 

intermediate organisational solutions to contractual problems have been identified. Examples are trilateral 

governance (neoclassical contracting) and bilateral governance (relational contracting). In both cases 

contracts are more long term than in the pure market mode. In the first case third party arbitrators are 

involved in administration of the contract between the parties. In the second case transactions are more 

frequent and consequently the arbitrator is not needed because the parties are engaged in a continuous 

contractual relationship. In conclusion, a number of various contractual relations exist in the continuum 

between the extremes of pure market and pure hierarchy. 

6. Interpretation of building projects and the building site. 

There are good reasons why transaction cost economics can be usefully applied to the problems of 

building construction and the building site. A number of basic characteristics of building construction can 

be mentioned: 

site specificity - construction activity takes place in situ. 

made to specification - construction is not mass production. 

made by a coalition of different firms - the different parties are organised via contracts. 

a process of long duration - building projects and contracts are typically long lasting. 

By definition a large proportion of building construction takes place on site, that is, where the buildings 

are to be permanently situated and used. Consequently, buildings are also constructed to fit the particular 

environment in which they are located, e.g. particular soil conditions, function and architecture. 

Generally, building construction is also made to specifications so that the construction of each individual 

building is in fact equal to producing a prototype. These special features have implications for the asset 

specificity of the transactions involved in building construction. Several aspects contribute to a high level 

6 More generally, close approximations to pure market modes can be observed in trading of highly 
standardised commodities on spot markets (or in currency exchange markets). 



of asset specificity, most notably high levels of site specificity, physical specificity and temporal 

specificity. 

Construction of buildings is usually undertaken by a coalition of firms organised via contracts. This 

makes the roles of different parties to the contracts particularly interesting to analyse using a transaction 

cost perspective. Indeed, a number of studies have been conducted of the organisation of construction 

activity using transaction cost economics (Eccles 198 l a  & 198 1 b, Reve & Levitt 1984, Stinchcombe 

1985, Casson 1987 and Winch 1989 to name some of the most important). Among other things the papers 

have focused on determinants of subcontracting, .the role of design consultants, the organisation of 

construction projects and institutional features of the construction sector. For instance, it has been 

suggested .that governance of subcontracting is usually between relational and neoclassical contracting 

modes (Eccles 198 1 b) and that design consultants frequently assume ,the role of arbitrators in the relation 

between construction clients and contractors (Winch 1989). 

Because of the long duration of building projects, with different firms working sequentially on complex 

structures, construction contracts are typically long term and subject to uncertainty and changes during 

execution. Prior to entering a contract the client typically has a choice between several firms, but once the 

contract has been signed he is locked into one specific relation. This applies similarly for the 

subcontracting decisions by contractors. In transaction cost terms this is referred to as a "fundamental 

transformation" by which flexibility is lost because the competitive situation changes from a large 

numbers to a small numbers interaction. Contract execution changes the competitive situation if durable 

investments in transaction specific assets are incurred, and this has implications for renegotiations of 

existing contracts, where the incumbent supplier often enjoys special advantages over competitors. As a 

consequence, stable (bilateral and trilateral) relations are most often observed for the duration of the 

project, even when considerable changes have to be negotiated in relation to the original contract. 

7. Discussion of the "Bjaelderbaek" and "Skelbaekvej" building projects 

In order to analyse the contractual implications of the TeleBuild project we consider the organisational 

and contractual set up for one renovation and one new building project. As already indicated a building 

project consists of a number of contracts to be.executed on the building site with numerous transactions 

occurring for each contract. Indeed, many of the technological interfaces which define transactions can be 

observed on the building site. Most adjustments and changes made in relation to contractual 

specifications are consequently based on decisions and communication regarding building site problems. 

The renovation project " B j ~ l d e r b ~ k "  (see figure 1) is organised as a separate trades contract with the 

architect playing the main role with respect to preparations for tender and supervision of construction. 

Indeed, the architect is acting as the representative of the client and is involved in the administration of 



the client's contracts with specialist and trade contractors. Furthermore, the architect coordinates his 

decisions with the consulting engineer. The architect may in some respects act as an arbitrator in a 

trilateral relation between the client and each of the contractors. In the project the consulting engineer 

functions mostly as a subcontractor to the architectural firm. 

12-1 3 specialist and trade contractors are expected to take part in the building project. For the architect 

this means a considerable load on limited decision making resources (i.e. bounded rationality). Time 

spent by the architect on coordinating and renegotiating individual contracts is likely to be the limiting 

factor. Consequen.tly, the main focus of the implementation and testing of the technical solutions is on the 

role of -the architect. 

In a transaction cost perspective the idiosyncratic nature of renovation work adds to the asset specificity 

of transactions, since most work must be performed on site (site and physical specificity) according to the 

problems encountered. Also, familiarity with the peculiarities of the project participants in question 

(human asset specificity) and the coordination of different activities and actors (temporal specificity) are 

likely to add to asset specificity for the individual contracts. Uncertainty is quite high due to the high 

likelihood of encountering problems in the old building that were not anticipated. Furthermore, the 

frequency of each type of transaction is quite low due to the large number of contracts and firms, 

although some repetition is likely in terms of similar flats with similar types of work. Only for a couple of 

the largest contracts will the TeleBuild technical solutions be implemented among the contractors - for 

the smaller contracts the volume of transactions is probably too small to warrant the investment. 

If we assume that the architect spends the same amount of time on the project as he would without the 

technical solutions of the TeleBuild project he would be able to spend more time on problem solving and 

negotiating of changes to each individual contract. Consequently, the client would get a better deal either 

in terms of cost savings (less spent on "extras") or in terms of a better final product. There is a risk, 

however, that the contractors will resist the implementation of the TeleBuild technical solutions because 

they feel threatened by the improved bargaining position of the architect as the client's representative. 

With regards to implementation it is therefore important to place some emphasis on the potential cost 

savings for contractors in terms of less time spent on coordination (and site visits) by foremen (and 

managers). 

In a more dynamic perspective improved planning and coordination by the architect may not be reflected 

in reduction of transaction costs. Rather, the same resources spent in terms of transaction costs may result 

in improvements "spilling over" into reduced production costs and improvements in product quality etc. 

This may be problematic because the gains from investing in the use of TeleBuild technical solutions may 

be reaped by ilTrrns not taking an active part in implementation. It is therefore important to document such 

gains so that the results in future projects can be used to establish appropriate price levels for various 



types of firms and work. In the long term - with improved knowledge of the redistributional 

consequences - such problems are likely to diminish. 

The new hlrildingproject "Skelb~kvej"(see figure 2) is organised as a design and build contract between 

the client and a consortiunl consisting of a large contractor, an architectural firm and an enginering 

consultant. As already mentioned the consortium is part of an experimental programme for product and 

process development in building. The same consortiuni is therefore building a number of pro-jects in order 

to realise some of the gains of continuous cooperation between the parties. In addition to the consortium 

partners a supplier of prefabricated construction elements will be involved in the implementation and 

testing of the TeleBuild technical solutions. 

A preliminary illustration of the possible setup for the new building pro-ject "Skelbzekve-j" is provided in 

figure 2 (with thickness of the lines used to illustrate expected communication intensity): 

Figure 2: Information exchange for the new building project "Skelbaekvej" 

The relation to the client is much clearer in this case because there is only one main contract - the one 

between the client and the consortium. 'The design consultants do not play the role of arbitrators and 

consequently the contractual relation is bilateral (relational) rather than trilateral (neoclassical). On the 

other hand, it is assumed in this kind of contract that client involvement in decision making with regards 



to the execution of the contract is quite limited. Accordingly, the client organisation is not part of the 

organisational set up for implementating and testing of the TeleBuild technical solutions. 

The primary actor in the project is the large contracting firm. The contractor manages activities on the 

site including the administration of contracts to subcontractors and suppliers. The site manager of the 

contractor is also responsible for discussion and implementation of design decisions with the architectual 

and engineering firm. In addition to decision making with regards to subcontractors, suppliers and design 

consultants the site manager also needs to be in close contact with the contractor home office both for 

supplies and work handled by the contractor as well as for decisions which require advice or 

authorisation from the contractor organisation. The largest decision making pressure is on the 

contractor's site manager in terms of both coordination and renegotiation of contracts. Consequently, the 

site manager is the main focus in the implementation and testing of technical solutions. 

In a transaction cost perspective the asset specificity of transactions is likely to be slightly lower than in 

the case of renovation because more activity can be undertaken off site via prefabrication (lower site and 

physical specificity). Improved prospects for planning of activities should work to reduce uncertainty. On 

the other hand increased scale and complexity of the project may offset part of the reduction. The 

frequency of each type of transaction is likely to be higher for a new building project. Therefore, the 

prospects for undertaking investments supporting the governance of these transactions are better - also for 

implementation of TeleBuild technical solutions. As a result, implementation of the TeleBuild technical 

solutions should be possible for a number of the largest subcontractors and suppliers. In the "Skelbakvej" 

project one of the large suppliers will take part in implementation and testing. 

The site manager of the contractor will be active in negotiating changes with subcontractors and suppliers 

(involving also the design consultants). Any savings in the costs of communicating can be interpreted as 

reduced administration costs for the contractor. The site manager will be responsible for coordinating 

changes with the production units of his own organisation. In the first case improvements are in the form 

of transaction cost savings. In the second, where transactions are between two units of the same firm, 

improvements are in the form of administration cost savings. This difference is important because in 

implementation it matters who receives the benefits from the improvements. Basically, we should expect 

the sharing of benefits between two units of the same firm to be less problematic than between two 

separate firms. Again, it is particularly important for successful implementation to make sure that 

contractors and suppliers are also presented for the potential advantages of adoption. 

Also in the case of renovatlon there may be problems of resources spent on improved communication 

benefiting parties that do not take an active part in the implementation and testing of the TeleBuild 

project. This may be in the form of reduced production costs or increased product quality. Because the 

consortium has a longer term perspective than what is the norm for building project organisations it is 



likely that it has better prospects for benefiting from these other more "dynamic effects" than what is 

normally the case. Moreover, using the TeleBuild technical solutions to improve communication may 

well further the objectives of increasing cooperation/efficiency among the consortium partners. These 

effects should also be documented as part of the implementation and testing of the TeleBuild project. 

8. Conclusions regarding approaches to implementation and testing 

We now conclude with respect to the usefulness of the transaction cost perspective in identifiying 

appropriate approaches to implementation and testing of the TeleBuild technical solutions. Our 

preliminary analysis has shown that transaction cost economics is indeed a useful framework for 

establishing to an understanding of the organisational and contractual structures of building projects and 

how they affect activities on building sites. 

Basic transaction cost economics can be used as a theoretical framework for structuring and analysing the 

process of implementation and testing of technical solutions. Especially when investigating the results of 

implementation relative to the detailed objectives of .the TeleBuild pro-ject (reduction of waiting time, 

reduction of the number of defects, increased quality of construction, etc.) does this particular theoretical 

perspective seem promising. Indeed, when collecting and interpreting data the basic logic of separating 

cost savings into transaction, administration and production components is a powerful analytical 

approach that enables a much more detailed understanding of the basic cost accounting. It should be 

remembered, though, that improvements need not be direct cost savings - improvements in quality may 

also result from implementation of the TeleBuild solutions. The transaction cost efficiency perspective 

does not take this into explicit consideration. In conclusion, the data collection process and format should 

reflect this more detailed understanding of the underlying factors of productivity improvements. 

Another important aspect which has been uncovered using transaction cost reasoning is the fact that 

redistribution of productivity gains between the different parties to a building project may in effect hinder 

the implementation of TeleBuild solutions by creating incentive problems. It is therefore necessary to 

focus on the redistributiona1 consequences of TeleBuild implementation for the key participants. In that 

respect, analysis of contractual reIations using basic transaction cost reasoning is useful. On the basis of 

such analysis it may be necessary to provide speciaI incentives - for instance for subcontractors - in order 

to ensure successful implementation. 

Finally, it should be mentioned that in addition to immediate cost savings the TeleBuild project may also 

contribute to changing the relative costs of different organisational solutions. Consequently, 

implementation of technical solutions may require adjustments or changes to organisational and 

contractual structures. Transaction cost savings inay well translate into structural change for building 

projects - following a transaction cost logic. 
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Abstract 

The Construct IT Centre of Excellence in the UK is an industry-led, government-endorsed, network. Its 

members are drawn from leading companies from constn~ction and associated industries, a number of leading 

UK Universities, and from professional institutions, trade associations and government departments. The 

Centre has emerged from its kick-start phase to a point where it is now very firmly established and able to offer 

valuable services to its members. The founding principles of the Centre are that it seeks to infomi the IT 

investments of its member companies, and ensure that these investments remain well informed within the 

context of national strategies to realise the full potential of IT within the industry. It seeks to do this by a range 

of activities concerned with sharing experiences in research and innovation in construction IT. These activities 

include: showcasing tec1mological innovation, developing and implementing national IT strategy; devising 

long-term research strategies; benchmarking current IT applications; conducting a strategic IT health check of 

the way IT is managed, measuring the value and benefits of IT investment, helping the industry prepare for the 

millennium date change problem, undertaking advanced collaborative industrial training; cornrnunications 

activities in support of an innovation network; and international links. 

The presentation at the meeting will outline: the background to the formation of the Centre; its involvement with 

UK government strategy formation; and its use of a process road-map as a framework to achieve research 

coordination. 

I. Introduction 

The UK Construct IT Centre of Excellence grew out of a long period of successful applied research carried out 

within IT in Construction at the University of Salford between the mid 1980's and the present. This was 

typically based on major research projects from funders such as Science and Engineering Research Council, the 

Alvey programme and the Royal Institution of Chartered Surveyors. Projects were typically steered by 

industrialists and usually resulted in industry oriented deliverables including software products. The University 

formed successful companies out of some of its projects as joint ventures with construction and IT companies 

and the commercial arms of professional institutions in the industry. 



Based on this success, the obvious migration path was to extend the scale of this activity by involving a broader 

cross-section of UK university research, formalising disparate steering committees into a management board, 

and seeking to build a coordinated programme of research and innovation from a base of individual projects. 

This coincided with a time when UK industry was going through a period of substantial change, when 

innovation in IT was emerging as a Board level priority, and when UK government was beginning to think more 

strategically about the industry's future, the place of IT within it, and the need for research funding to be 

strategy-driven. This combination of forces spawned the creation of the Construct IT Centre of Excellence. 

From an initial kick-off meeting in February 1995, the Centre has met all the objectives that it was set for its 

initial two-year formation period. It has now emerged as an established, value-adding network with a rapidly 

expanding business plan for its activities and with its horizons increasingly moving to the international arena. 

2. An Industry Lead 

The Centre was chaired in its initial phase by Geoff Topping, the former chairman of Taylor Woodrow 

Construction Holdings. Geoff was a senior figurehead within UK industry with a keen interest in research and 

innovation. Geoff chaired the Management Board of the Centre which has industrial representatives from all of 

the major constituencies: clients, consultants, contractors, IT supply, communications, and research.. All of the 

major activities of the Centre are championed by an industrial member of the management board. 

3. A Network 

Whilst having a base at the University of Salford, Construct IT is a network of some 40 companies, 10 

universities and research organisations, and 15 professional institutions and trade associations. The Centre's 

activities engage members of the network working in a virtual way in its offices, projects, meeting rooms, 

research groups and occasionally in attractive English country hotels. 

All organisations that are part of Construct IT have their own projects, innovations, products, services, and 

interests that they bring to the Construct IT party in a spirit of pre-competitive collaboration. 

Michael Porter's five forces model demonstrates how an individual company's strategic position is influenced 

by other organisations with which it relates. All organisations within a construction company's own five forces 

model have been incorporated into the network.. 

Supplier and buyer power is represented by suppliers, sub-contractors and industry clients. The threat of new 

entrants and substitute products are represented by other types of construction organisations, by management 

cbnsultants, by associated industries and by international participants. Rivalry and jockeying for position is 

represented by competing construction firms participating in a pre-competitive way in the Centre's work.. 
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4. Step Change in Industry Process Performance 

The mission of the Centre is to change fundamentally the process performance of the UK construction industry 

through the adoption and application of innovative, integrated IT techniques. It seeks to do this by looking to IT 

as an enabling technology. As such, Construct IT is at the centre of UK innovation activities resulting from the 

Latham review and actively participates within Construction Research and Innovation Strategy Panel (CRISP) 

activities concerned with process and IT. CRISP is an initiative by the UK Government to create an industry- 

led panel to promote and steer research and innovation in construction. 

The focus for the Centre's work is not to develop technology for technology's sake but to innovate with IT as an 

enabler to facilitate step change in industry process performance. 

5. Aims and Objectives 

In its founding principles, the Centre adopted four key objectives: 

to inform the IT investments of construction organisations 

to ensure IT investments remain well informed 

to showcase leading edge IT and communications technologies 

to promote coordinated construction IT research 

It carries out a series of activities that seek to realise these objectives as follows: 

producing an IT toolkit 

showcasing technological innovation, 

developing and implementing national IT strategy; 

devising long-term research work plans and strategies; 

benchmarking current IT applications; 



conducting a strategic IT health check of the way IT is managed, 

measuring the value and benefits of IT investment, 

helping the industry prepare for the millennium date change problem, 

undertaking advanced collaborative industrial training; 

communications activities in support of an innovation network; 

developing an industry leading WWW site, 

and international links. 

6. Progress to date 

The following projects are at an advanced stage of progress: 

J best practice benchmarking 

J host international practice and theory conferences 

J conduct postgraduate and continuing education 

J develop a national IT strategy and research work plan 

J research database 

Progress with these will be described in outline before describing more recent progress with new activities that 

have developed within the two-year formation period. The most successful element of the Centre's work has 

been in its best practice benchmarking of current IT support to mission-critical business processes. This has 

been more fully described in other parts of this document.. The Centre has also worked with Strathclyde 

University, Association of Consulting Engineers, Royal Institution of Chartered Surveyors, the European 

Intelligent Building Group, Chartered Institute of Building Services Engineers, and others in holding practice 

and theory conferences on the work of its various members. 

The postgraduate and continuing education work of the Centre is mainly conducted through a part-time modular 

masters, Management of IT programme at Salford University. Its development is funded by the Innovative 

Manufacturing Initiative as part of its Integrated Graduate Development Scheme programme. This supports 

collaborative management education development in new technologies in arrangements where consortia of 

industrial companies work with an academic institution in designing, developing and delivering training 

programnles that are sufficiently industrially relevant that the companies are prepared to delegate their senior 

managers of the future to benefit from the shared, high quality, pre-competitive training that results. The 

programme is entering the end of its second year and has successfully recruited senior delegates from UK 

industry who are gaining knowledge that is leading to them becoming change agents within their organisations 

in their ability to manage IT for the benefit of the business. 

The Centre has been a major contributor to the UK Government Department of Environment commissioning the 

drafting of a national IT strategy for construction. The strategy, and its subsequent feasibility studies and 

implementation plans, were prepared with extensive assistance from members of the Centre and have been 

extensively reported through the Centre's communications activities. 



The Construct IT: Bridging the Gap report specified a technological vision towards which a series of 

implementation efforts are currently being directed. The central elements of the vision are of an integrated 

project database and an industry knowledge-base. These are depicted in Figures 1 and 2. 

Fig. 1. The Integrated Project Database 

Knowledge Base 

Fig. 2. The Industry Knowledge Base 



The Centre has also undertaken two major studies to derive a research work plan by which research and 

innovation can be collaboratively coordinated. The first study was a process-based analysis of major 

obstacles to efficient industry performance and of how IT research and innovation could overcome 

these. The second is .the development of a consensus view of UK construction IT academics of what 

long-term IT research is required to address the main industry challenges that have been identified. 

The final element of progress against founding principles has been to develop a research database of 

major IT research projects underway in the UK positioned in relation to each other by being positioned 

within a generic construction industry process roadmap. This roadmap has become a unifying feature 

or framework for the Centre's overall activities. 

Much of the current thinking in management generally, and construction specifically, involves the 

adoption of the process paradigm. Process thinking, and more specifically process redesign, are widely 

applicable to the construction enterprise. The application of process thinking to construction projects is 

becoming increasingly common in theory and practice. 

A significant example of industrial innovation to define a project process for construction has been 

undertaken by the British Airports Authority (BAA) in the UK. BAA have devoted considerable 

resources to defming a project process which as a leading construction client they wish to apply to their 

portfolio of construction activities. Their motivation for doing so is to obtain substantial improvements 

in the productivity of their project process as part of their broader aim to become a world class 

company. Their project process has been documented as a wall chart, a video and a project handbook. 

The latter is issued to all of their staff, and representatives of their preferred suppliers, who complete an 

extensive training programme. BAA are also using their project process as a basis for exploring the 

innovative potential of IT. 

BAA are one of a number of major players within the Construct IT Centre of Excellence. Their project 

process has been adopted by the Centre as a basis for part of its work in attempting to identify and 

encourage cohesion in Construction IT research. Their continuing work with Alfred McAlpine and 

Salford University in developing a fully generic process protocol will become the road map for 

research collaboration in the future in the same way that it has been adopted by the CRISP group and 

the design management group within IAI. Figure 3 illustrates this in principle by showing how a 

process road map could allow current and future research to be navigated. 

This form of input from a major corporate player within the Centre is typical of the way the Centre 

works as a network of major organisations combining their work in IT innovation. Other major 

corporate players within the Centre are represented in other contributors to these papers and other 

participants at this meeting. 



By identifying parts of the project process, as executed at different stages, where existing research and 

innovation is being undertaken, overlap and synergy can be identified. Gaps in current research and 

innovation can also be seen and prioritised on the basis of the extent of process improvement that are 

possible. 

Project Stages 

/\ Major Process Improvement Potential 

0 Existing Research and Best Practice Innovation 

Fig. 3. The Process Road Map 

6. More Recent Activities 

The Centre's more recent activities also relate to this roadmap in the following way: 

showcasing technological innovation, a stream of activity is being developed whereby leading 

currently available IT systems that relate to the need for process improvement, will be made 

available at a physical demonstration centre, through a series of mobile technology showcases, and 

through a WWW site. 

conducting a strategic IT health check of the way IT is managed, as a result of major case studies of 

the way IT is being managed in UK and international companies, distilling principles of good 

practice from the cases, and producing a set of key questions that organisations should ask of 

themselves to assess how they measure up to leading industry practice. This is closely linked to our 

benchmarking activity. 

measuring the value and benefits of IT investment, by reviewing methodologies currently in use in 

construction and other industries from best academic and consulting experience, applying this to 

major investments being made in IT in the UK at present, and deriving a practical methodology 

from these experiences. 



helping the industry prepare for the millennium date change problem, by promoting the need for 

this issue to be taken seriously and outlining a methodology by which construction companies can 

manage the problem. 

developing an industry leading WWW site, that allows the Centre's work to be made accessible to 

the wider industry, allows self-benchmarking and self health-checking, allows research and current 

technology to be showcased, and demonstrates the application of the Internet. 

producing an IT toolkit, by capturing the outputs of all the other activities of the Centre and 

packaging them as a series of usable tools by which construction companies can help move 

themselves towards a future best practice of effective IT support to effective construction processes. 

communications activities in support of the Government strategy and the innovation network; that 

enable the Centre's work and its toolkit to be brought to the attention of the wider construction 

industry 

and international links. 

A national IT strategy can be justified on a theoretical basis. Michael Porter has made a series of 

studies showing how and why certain clusters of companies in sectors in different parts of the world 

were outperforming others in international competition. He derived his diamond model to explain 

superior performance by international clusters of companies. The elements extend beyond a simple 

model of comparative advantage based on internal factors of production to embrace external issues of 

customer demands and links with associated industries. An industry getting together to create a strategy 

is necessary beyond leaving performance of companies to chance. This can be depicted as in Figure 4. 

Factor I Conditions 
Demand 
Conditions 

I ASSOCIX~ v r i  
Source: Porter's Diamond Industries b 

J 

Fig. 4 - The Need for National Strategy 

All of the activities of the Centre can be related to Michael Porter's diamond model in the following 

way: 

producing an IT toolkit to improve factor conditions, 



showcasing technological innovation, as a means of involving associated industries, 

developing and implementing national IT strategy; to polish all of the diamond's rough edges, 

devising long-term research work plans and strategies; to involve associated industries and to 

improve factor conditions, 

benchmarking current IT applications; to improve demand conditions and improve the firm rivalry, 

conducting a strategic IT health check of the way IT is managed, to improve factor conditions, 

measuring the value and benefits of IT investment, to improve firm structure and strategy, 

helping the industry prepare for the millennium date change problem, to improve factor and 

demand conditions 

undertaking advanced collaborative industrial training; to improve factor conditions and firm 

structure in the long-term, 

communications activities in support of an innovation network; to improve firm rivalry, demand 

conditions and links with associated industries, 

developing an industry leading WWW site, to improve factor conditions, 

and international links. 

This framework of project processes has been used within Construct IT as basis for analysing ongoing 

Construction IT research. Currently more than 200 ongoing research projects have been collected in a 

web based research database. It is being led by Dr Eddie Finch of Reading University and can be 

visited at http://www.constructit.reading.ac.uk/IT.html. 

An earlier sample of almost fifty of these projects were subject to preliminary analysis using the project 

process as in Figure 5 .  



Process Road Map - Existing IT Research - Processes and Project Stages 

Fig 5 .  The BAA Project Process 

8. The Centre in an International Context 

It is increasingly coming to our attention that the nature of IT and innovation is such that to operate 

nationally rather than globally is futile. Within the Centre we have always had very close links with 

leading international groups. We had begun to formalise these through EU funding within the SCENIC 

network of Construction IT Centres throughout Europe. The opportunity and need are increasingly 

urgent for global collaboration. The UK Construct IT Centre would like to play an active role within a 

global network. Our close international links clearly indicate to us that many other leading 

international groups share such an ambition for global collaboration. 

9. The Future 

The Centre has clearly established itself as the authoritative source of information on construction IT 

innovation in the UK. It is a successful model that is beginning to be followed in other countries. The 

work to be done is clearly wide enough to allow pre-competitive collaboration on a global scale. The 

future for the Centre lies in the leadership of a global network of such activities in major countries 

around the world. 
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Abstract 

The problenl of n~aintenance has beell considered in the European and international scientific circles for a long 

time, due to the fact that econoinic de~relop111ent and advances in business in a country induce structural ch,anges 

in investn~ents. The le\,el of in\.estment in the coilstruction of ne\\ structural projects in continuousl~ decreasing, 

while, at the same time, the amount of assets in\.ested in the maintenance of existing structures is on the rise. 

I~ldicators of this trends elist in the Republic of Croatia. With the high age of the existing real estate and its 

exceptionally poor mairlteilance histoq-, it is realistic to expect the intensification of this problem. The 

reinstaternei~t of p r i ~ ~ a t e  ownership of real estate nil1 surely lead to increased &ire give11 to proper nlaintenance of 

buildings. Usage. maintenance and reconstruction costs far outweigh the cost of initial construction 

The paper purposes principles on \~.hich management and mairltenance of buildings in the Republic of Croatia 

should be based. A conlplete information system for total monitoring and control of all activities related to 

maintenance of buildings is proposed. Also presented is an approach to concise determination of priorities in 

building maintenance. especially customised to Croatian conditions. 

Key word: illrorn~ation s j  stem, building nlaintenance. priorities in building ~naintenailce 

I. Introduction 

The European and international scientific circles have been auare of the problem of maintenance of buildings for 

a long time, since the econoinic development and industrial advances in a country change the structure of 

investmei~ts. The level of investments in new construction is continouosl~ decreasing, while. at the same. the 



arnount of assets in~~ested in the maintenance of existing structures is increasing. These trends are fully present in 

the Republic of Croatia as one of the consequences of the socialist management system. Considering the age of 

the existing rcal estate stock and its poor maintenance history. it is realistic to expect intensification of this 

problem. 

Before 1945. the housing building stock in the Republic of Croatia \\.as predominantly privatel! onned. After 

World War 11. Coniniunists caine to pover in Yugosla\.ia and enforce the nationalisation of a11 private property. 

Owners of a larger number of apartments or houses nere left onl! one larger (5-6 room) or t~vo  smaller (1-2 

room) apartmeiits and tlie remaining \\.ere given to neu users. the so-called "apartnlent right users.. . All other 

property became state ovned. 

After 100 1 and the disintegration of Yugoslavia, nev social and econonlic relations nere  established in Croatia. 

The so-called socially onncd apartments were sold to their users at \ leg acceptable prices and thus ifrere again 

transformed to private propert~ This resulted in an increased n illingness 01 nev OM ners to better maintain nou 

priiatcl! ouned buildings and apartments. Howe~u-.  the restoratioii costs 01 the facade of a three-storey building 

in Zagreb built in 1930 are approximately 300.000 DM (cca 100.000 LS). Due to a poor financial situation ~ ~ h i c h  

is iiiainlj the result of the war aiid war destruction. but also due to the transition in the ecoiioniy. the middle class 

has beconie poor and uncapable to finance the refurbishnlcnt of deteriorated facades of buildings in \ihich they 

otf 11 aparliilcllts 

To date. 110 systeniatic research ill tlic area of building iiiaintcilance has beeii undertaken in the Republic of 

Croatia. The Department for Constnlctioii Organisation at the Facult! of Civil Engineering in Zagreb has 

subiilitted to the Miilistr! of Science 01 the Republic of Croatia a scientific pro-ject titled "Problenis in buildings 

iiiaintenance in the Republic of Croatia". The financing of the pro-ject has been approved and this paper 

represents the first s!sleillatic approach to tlic research irito the probleru or building rnaintcnailce in our countr!. 

A s!stematic approach to rational building maintenance is essential for the identification of priorities in the 

reiie~\al and inaiiile~la~lcc or buildings and also for tlie defiriitioii of \4a!s to iiiclude the municipal and statal 

institutions in this process. The old urban core Lolies are a historical heritage belonging to each resident. 

2. Existing Condition 

Building niainteiiance in the former system n a s  disordered and non-ststernatic. nith the main difference bettjeen 

the mainlenarice of apartnieiil buildings and public buildings (theaters. schools. hospitals. office buildirigs. etc.). 

Therefore. it is possible to classif! the buildings into t ~ t o  nlairi groups: 

a) public purpose buildings. 

b)  housing buildings. 



Public purpose buildings were the direct responsibility of individual ministries. and there was always a shortage 

of money for their maintenance. Repairs were carried out only when it became indispensable, and partial or 

complete reconstruction of a building would be undertaken only when the condition of the building became 

alarming. 

The housing buildings stock was divided between the actual apartment owners and the so-called 'apartment right 

users'. who had the same rights as the actual apartment owners although their apartments u7ere owned by the 

state or their company. The institute of 'apartment right users' was a specialty of the socialist system in 

Yugoslavia, and had a significant impact on the condition and maintenance of housing buildings. This will be 

detailed hereinafter. 

The following table shows the structure of state investments in the maintenance of all buildings. There are 

different categories: regular n~aintenance. reconstruction. and repairs. including urgent interventions. 

Table 1 : Costs of building maintenance in the Republic of Croatia 

Source: State Statistics Institute 

What is interesting is that before 1991 regular maintenance was represented wit11 8% to 16'%, repairs with the 

same proportion. but reconstructions represented 65% to 84% of the total costs. This represents US$ 97,500,000 

for 1995. 
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Table 2. Maintenance costs for public buildings (schools, dispensaries, out-patient 

departments, hospitals, retirement homes, sports halls, municipality buildings, 

etc.) 

Source: State Statistics Institute 

When analysed, the investments into public buildings are divided as follows: regular maintenance 2 4 %  of the 

total funds, repairs between 10% and 20%, and funds invested in reconstruction between 73% and 93% of the 

total funds available for maintenance in the Republic of Croatia. This amounts to US$ 34,350,000 for 1994. 
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11 
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11 

13 

21 
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13 

21 

18 

15 

14 

The attitude towards the city and housing buildings in Croatia shows improvement after 1985. as a result of 

changed political relationships in Yugoslavia. More h l d s  are being invested in regular maintenance, although 

investments in reconstruction are still a large item due to long period of deterioration, especially in Zagreb. For 

1995 this aiiiounts to US$ 53,395,000. 
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Table 3. Structure of maintenance costs for housing buildings stock in 

the Republic of Croatia 

Source: State Statistics Institute 

Many years of poor maintenance of the old urban core areas. particularly pronounced in Zagreb. have caused 

serious deterioration of the once beautiful fronts of buildings built at the turn of the century due to lack of basic 

n~aintenance. 
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The age structure of housing buildings stock in Croatia shows a high proportion of over 36% of the stock being 

before 1960. Here a difference should be noted between buildings constructed before 1945 (23%) and buildings 

constructed immediately after World War 11. The quality of buildings constructed during the first fifteen years 

after World War I1 is significantly inferior, which creates additional maintenance problems. 
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Table 4. Age structure of housing buildings stock in the Republic of Croatia 

Source: 1996 Statistic Yearbook of the Republic of Croatia 

As shown in the aboi-e Table. over 63% of total number of housing buildings in the Republic of Croatia had been 

constructed during the last 35 years. It was cus tom~q  in the socialist systcm that thc state would built new 

housing blocks in newly de~eloped districts, while the existing stock consisting of old pre-war "patrician" 

buildings was being systematically neglected and left to deteriorate because "there was no money" for their 

maintenance. Those buildings were mainly occupied by actual owners of the apartments and the so-called 

'apartment right users'. and the apartments were maintained depending on personal needs. preferences or 

financial capacity of the tenants, but without any obligations to do so. 

O h  
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Because of all stated above, the need arose to reconsider the problem of buildings maintenance in its entirety as 

integral maintenance management. 

Number 

of apartments 

223,004 

147.769 
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1,569,725 

3. Buildings Management and Maintenance Principles in the Republic of Croatia 

To gain complete perspective of the buildings maintenance problem in the Republic of Croatia. it a number of 

preparatory activities are required in order to establish the principles of buildings management and maintenance 

throughout the country. It is also essential to establish the methodology that will result in the development of the 

information system for the support of buildings management 'and maintenance. 

Firstly, it is necessary to research into the phenon~enon of maintenance. refurbishment. reconstruction and real 

estate management in the Republic of Croatia regarding the regulations, market conditions, past practice. 

financial possibilities and traditions. Secondly, several types of buildings within the Croatian buildings stock are 

selected based on their number and problems related to technical and financial aspects of their usage and 



n~aintenance. Then follous the determination of the stnicture of the main structural and lion-structural elements 

of selected buildings and the definition of maintenance uorks for these buildings. This is folloued b! the research 

of the durability of the above elenlents and entire buildings and the possibility artd requirenlent for their 

tiiaintenance, refurbishment or technical replacenlent. Regarding the technical possibilities to car? out 

refurbishlnent uorks. the current trends are to treat the problciil from the aspect of technical resources used in the 

maintenance, the technological systems and materials applied, the durabilit:, of individual construction materials 

aiid ;-lpplicatio~i of nev construction materials. 

When the essential stnlctural and non-structural building elenlents are defined and the possibilities for their 

refurbishment or reconstruction in~xstigated, the priorities in maintenance are to be defined. The impact of the 

elements on the safety. accommodation. estenial appearance. location. estlietics etc. is considered. 

After the priorities are set. the follo~iing items are to be costed: nlainteiiance, refurbishlnent. and replacenlent 

costs, their structure. magnitude. frequency and silnilar - and the model for forecasting building maintenance 

costs is forni~~lated. Relationships between the funds in\rested in maintenance, refurbishment and reconstn~ction 

of buildings are then established, taking into account their usabilit!. durabilitc and \ d u e .  

Eficient maintenance is practically inipossible nithout the build-up of the information system linking all the 

a b o ~ c  listed acti\.ities 

4. Information System as Support to Decision Making 

Basically, the information s~ stem esccutcs four sequential fiinctions n hich can be s l i o ~ ~  n in the flon chart: 

data collection and i data base tornlation 

data 
processing I 

/ data and information 1 

delivering data and 
information to users 1 



The sources used by the system. the origin of data. as ivell as the preparation. collection and data input are to be 

defined. Collected data are processed according to the user's needs. That includes calculations. regrouping. 

sorting. compression and analysis. Collected and processed data are stored for later use or are deli~~ered to users 

for decision making purposes. 

Two Zagreb districts. Downto\vn and New Zagreb. will be used as basis for the iinplenlentation of the complete 

illformation s?-stem of buildings management and maintenance in the Republic of Croatia. 

The archive of the Municipal Housing and Communal Management Department of the City of Zagreb is used as 

the source of information. The archi~.e conlprises information on all building elements subject to maintenance in 

the mentioned districts and the amount of filnds spent so far for maintenance and refiirbishment of those 

elements. 

Records on illaii~tei~ance u.orks for each particular building are extraced from the databas:. 

\t ater supply installations 

electrical installations 

roof structure 

carpentn 

facade 

floors 

. . . 

In order to define the priorities in maintenance of individual building elements, criteria are defined. based on 

which individual ltorks are e\,aluated and the decision is made. Each criterion neighs each maintenance element 

and the collective assessment defines the priorities. These criteria differ from country to countq and are the 

object of continuous scientific research. -4 large number of criteria and consistency in their e\.aluation lead to a 

better assessinent of maiiltenance priorities. 

Soille of the criteria applicable in our region arc: 

structural safety 

quality of accon~modation 

external appearance 

building durability 

environmental impact 

price 

. . . 



A sort of ranking list of elements to be maintained is defined by interconnecting the database of maintainable 

elements 'and the n~aintenance criteria database. The goal of the information system is also to show that the 

evaluation of the criteria has been consistent. The total maintenance costs are then estimated and relationships 

between the funds invested in illaintenance and the illcreased usability. durability and value are established. 

Applying the analysis on several buildings. a database is created consisting of buildings and already set 

nlaintenance priorities. as well as the costs in\olved. Thus. a realistic picture of the resources required for the 

illaintenance of buildings in one district is created. 

The database will expand to co\.er the entire Zagreb area and e~xntually the Republic of Croatia. which will give 

a realistic assessment of how large funds should be allocated from the budget for a quality management of the 

housiilg buildings stock. 

Thus. both the researchers. v.hich are constinuousl~ upgrading the information system. and the City Authority. in 

charge of budgeting the maintenance of buildings. become the users of the new database. 

5. Conclusion 

This report presents the basis for a corl~plete information sjstem for the monitoring and coiltrol of all activities 

related with buildings maintenance. especially designed to accommodate the conditions prevailing in the 

Republic of Croatia. 

Nuilierous researches conducted in man!, de\.eloped countries had contributed. from carious aspects. in throv\.,ing 

more light on the real estate maintenance problem. Thus, particularl? studied are buildings maintenance 

nlanagement. real estate maintenance and nlailagement economics. nlanagement and execution of works on 

maintenance and refurbishment, rehrbishment and protection of buildings. sociological problems related to 

rnainten:ulce and modernisation. education and training for participation in real estate nlaintenance and 

management, monitoring and control methods. maintenance techno lo^. computerisation in nlaintenance, and 

legal issues in the field of n~aintenance. 

So far. there was no scientific research into buildings illanagcmerlt and maintenance carried out in Croatia. 

Foreign experiences in this area cannot be directl! applied because each country has it's own specifics which are 

the result of differing problen~s to be sol\,ed in the maintenance process. These problems are: age of the buildings. 

their original quality. used construction technolog-7 and materials, climate. type of ownership, financial state of 

the country etc. It is. therefore. impossible to apply the a\.ailable knowledge on maintenance managenlent on the 

'Croatian case', and is necessary to ad-just existing knowledge and capabilities to our needs and conditions 
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Summary 

This paper is based on a project entitled "International Benchmarking of Value Management" funded under the 

EPSRC IMI programme. The paper outlines the prime objectives of the project which is to benchmark the 

performance of the value management methodologies described in the textbook "Value Management in Design 

and Construction: 2nd edition" by Kelly and Male against those practised in the UK and overseas, in order to 

arrive at a conclusion of best practice. 

The paper supports the view that benchmarking in the construction industry is in its infancy with the majority of 

hard techniques being geared towards producing databases of site costs and duration of construction activity. 

The paper describes the first case study based exercise in determining what to measure and concludes that hard 

metrics are not appropriate for a subject such as value management and that soft metncs are required. 

Following the development of a benchmarking method using soft metrics extensive benchmarking was 

undertaken with value management practitioners in UK, Australia and USA. Further benchmarking is planned 

for Europe and Japan. 

1. Introduction 

The paper describes the formation of a method of benchmarking which involves distinguishing from literature 

those techniques which are considered "hard as opposed to "information grazing" or "industrial tourism". The 

techniques were formalised into strategies for action and bearing in mind these strategies four case studies were 

undertaken. This paper addresses a number of issues raised by the literature, defines the critical success factors 

of value management, assesses the outcome of the case study work, defines a soft metrics approach to 

benchmarking, and describes the extensive benchmarking undertaken with value management practitioners in 

UK, Australia and USA. The paper concludes with a definition of a soft rnetrics approach to benchmarking 

with an example based upon the pre-workshop activities. The paper concludes with a statement of the way 

forward in continually improving the value management service. 



2. Benchmarking 

For a definition of benchmarkmg Camp firstly quotes David T Kearns, Chief Executive Officer, Xerox 

Corporation; benchmarking is "the continuous process of measuring products, services and practices against the 

toughest competitors or those companies recognised as industry leaders". Camp secondly adapts this definition 

to "Benchmarkmg is the search for industry best practices that lead to superior performance". [Camp, 19891 

Benchmarking can be undertaken either with or without the co-operation, consent or even knowledge of the 

parties involved. Benchmarking products, for example computers, is an example of benchmarkmg which can 

take place without the knowledge of the party whose products are being benchrnarked. In the context of 

benchmarking with co-operation, consent or knowledge there are three types: 

Competitive benchmarking where information is sought from a hostile competitor. This is 

generally considered the most difficult type of benchmarking. 

Co-operative benchmarking where knowledge is exchanged with the benchmarking partner. In this 

case it is generally observed that the initiator usually receives more Information than they give. 

Collaborative benchmarking where there is fill knowledge exchange between the parties. 

In the context of value management it is anticipated that benchmarkmg will be either co-operative or 

collaborative. In selecting benchmarkmg partners four groups of organisation could be considered[Camp, 

19891: 

Current direct industry competitors. 

Latent competitors, including those in the same industry but not currently in your market. 

Best-in-class groups from w i h  your own organisation. 

Best-in-class companies from other industries. 

In addition to the above listed by Camp there are also: 

Best-in-class groups from w i t h  the same industry who may or may not be direct or current 

competitors. 

This gives a usefil framework within which to operate. Those relevant to this study are value management 

consultancies and in-house organisations operating in the construction, process and manufacturing fields. Latent 

competitors are not relevant immediately to this study. 

Boxwell describes six basic steps to benchmarking [Boxwell, 19941 



1. Deciding what to benchmark. 

2. Planning the benchmarlung project. 

3. Understanding your own perforrnance. 

4. Studying others. 

5 Learning from the data. 

6. Using the findings. 

These steps will adopted for the methodology of benchmarking value management. 

Robert Camp identifies ten success indicators which will ensure that a benchmarking exercise will run 

smoothly[Camp, 19891: 

An active commitment to benchmarking from management. 

A clear and comprehensive understanding of how one's own work is conducted as a basis for 

comparison to industry best practices. 

A willingness to change and adapt based on benchmark findings. 

A realisation that competition is constantly changing and there is a need to 'shoot ahead of the 

duck'. 

A willingness to share inforrnation with benchmark partners. 

A focus on benchmarking first on industry best practices and second, on performance metncs. 

The concentration of leading companies in the industry or other functionally best operations that 

are recognised as leaders. 

Adherence to the benchmarking process. 

An openness to new ideas, being creative and innovative in the application of new procedures to 

existing processes. 

The institutionalisation of benchmarking. 

It has been shown that there is a tendency to get carried away when benchmarking, it is realised that there is a 

limit to how much inforrnation can be collected and assimilated at one time. The whole exercise must be 

properly time-tabled with clear goals and deadlines, the identification of what is crucial, especially when 

benchmarking 'customer satisfaction'. 

Watson [I9931 defines a codes of conduct which generally highlights the do's and don'ts of benchmarking and 

can be surnmarised as follows: 

There is a real need to make sure that all inforrnation gathering is within legal limits. 

Information is fully shared with benchmarking partners and inforrnation received is kept 

confidential if asked to do so. 

The expectations of the exercise are to be fully understood, both within the research team and when 

in contact with external parties. 



Honesty towards potential partners is most important. 

3. Benchmarking in the Construction Industry 

The growing body of management literature dedicated to benchmarking deals with good practice procedures 

and a generic process model that can be used as a framework for carrying out benchmarking exercises. To date, 

UK managers havt: had little experience of the technique in practice [Lema. 19951. This position is changing 

with an increased awareness of the technique, though there is still a general lack of awareness of what 

benchmarking actually means. 

Literature supports the view that there are currently a lack of benchmarking standards for construction 

internationally, though industry and academia have recently turned their attention to developing them. One 

reason put forward for this [Lema, 19951, is that the concept and principles of benchmarking are more difficult 

to apply to essentially project based activities and "one-off' products. In the USA the absence of any 

identifiable benchmarked data has stimulated researchers to compile initial data of construction activities for use 

by the industry [Fisher, 199.51. 

A common feature of the construction activities that Fisher describes as being benchmarked is their ability to be 

measured in terms of cost and time, therefore, hlfilling a primary requirement of objective comparability. This 

type of data includes, for example, actual versus authorised project cost, actual versus target schedule, actual 

versus estimated labour etc., all data urhich can be given classic statistical treatment. 

4. Benchmarking Value Management 

An examixtion of the work of Fisher above leads to the conclusion that it is not realistic to expect that 

meaningful external benchmarking of value management activities can be derived from this type of "hard 

analysis. On the other hand the ultimate in "soft" analysis, i.e. unstructured comparisons, could be criticised as 

being "information grazing" or "industrial tourism" from which few firm conclusions could be drawn. 

The way forward appeared, in the first instance, to lie in the stripping down of value management into its critical 

success factors and then examining the hard techniques which lie within each factor. The hard techniques could 

be realised through an examination of case studies. 

Value management is defined as: 

a proactive, creative, problem solving service, using a multi-disciplinary team orientated 

approach to make explicit the client's value system using functional analysis to expose the 

relationship between time, cost and quality. Strategic and tactical decisions are audited 



against the client's value system at targeted stages through the development of a project or 

the life of a facility. [Kelly & Male, 19931 

The critical success factors can be summarised as: 

Structuring the project information 

The structured approach through the "job plan" 

The skill of the facilitator 

* The team structure, skills and working relationship 

The attitude of stakeholders 

The above reflects a philosophical rather than a technical approach. If this can be presented as a series of 

commonly used techniques then it is thought that true benchmarking can take place. An examination of case 

studies was thougbt to enable: 

the identification of discrete techniques displaying time and performance characteristics 

the measurement of factors such as identified activityhour e.g. ideashour, ideas/&, ideas 

generatedideas implemented, savings/cost of exercise, people involvedidea recommended, 

facilitator efficiency in gathering material, client satisfaction on a proved scale. 

5. Benchmarking value management case studies 

The following case studies are based upon an examination of completed value management reports of studies 

undertaken using the Kelly and Male methodology by the authors as value management consultancy projects. 

The aim of the case study investigation was to determine the extent to which value management studies could 

be the subject of benchmarking. The commonality of the authorship of the method, the facilitation of the value 

management workshops and the authorship of the workshop reports is a useful means of ensuring commonality 

of data for an initial trial bearing in mind the following: 

the workshop reports were contemporary with the workshop and were not written to facilitate 

benchmarking. 

the workshop reports were of a similar style to those of other consultants undertaking similar work. 

workshop reports are the prime source of inert data for benchmarking. 

Kelly & Male [I9931 have described their approach to value management with reference to levels of decision in 

the project life cycle associated with different stages of the RIBA Plan of Work (extended to include a pre-brief 

stage) reproduced here as figure 1. 
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Level of decision in the project life cycle 

The case studies chosen to represent value management studies at different stages in the project life cycle are as 

follows: 

Project 1 : Pro-forma briefing document for a Sheriff Courthouse 

Project 2: Design-build project at pre bid stage for an industrial works upgrade 

Project 3: Pharmaceutical clinical trials unit at outline sketch design stage 

Project 4: Crown court at final sketch design. 



The techniques used are sumrnarised in table 1 below: 

Table I : Analysis of case studies 

I p P a n c y  Evaluation of existing 

1 )  building 

I Document analysis 

I Facility walk through 

Workshop 

Project context analysis 

I Function analysis 

I( Function diagram 

11 User flows 

I Adjacency matrix 

11 Brainstorming (ideas generated) 

I Judgement 

11 Procurement choice 

Presentation 

The table supports no specific conclusions. There is no correlation between ideas generated and the time spent 

at the workshop; time preparing pre-workshop and ideas generated nor between tasks undertaken and ideas 

generated. There is some correlation between the number of techmques used and workshop tme  and possibly 

between time taken, the number of techniques used and overall workshop quality although this can not be 

judged from the reports. 



In judging the workshops, Project 4, the Crown Court, could be said to be the closest to a textbook 

interpretation of a value management study aided perhaps by a previous study at outline sketch design stage. 

Project 3, the clinical trials unit, a study undertaken at outline sketch design stage highlighted a number of 

logical concerns of a strategic nature mainly related to time and cost certainty coupled with a risk averse client. 

These issues should strictly have been addressed earlier in the project life cycle. Project 2, commissioned by 

the designhuild contractor with the co-operation of the client, was concerned with generating as many ideas as 

possible and getting client feedback. The other tendering contractor was also given the opportunity of 

undertaking a value management exercise. Project 1, the Sheriff Courthouse, was an exercise at producing a 

generic brief and as such had no specific project applicability. A part of the information stage was undertaken 

as a Post Occupancy Evaluation of an existing Sheriff Courthouse. 

6. Findings of the first stage study 

The literature on benchmarking has raised a number of issues of whch the following are seen to be dominant: 

identifying the critical success factors and determining which of these to benchmark 

establishing quantifiable performance metrics (defined as measurable outcomes that indicate a 

degree of success in achieving some value management objective. 

In terms of value management the critical success factors have been established as: 

Structuring the project information 

The structured approach through the "job plan" 

The skill of the facilitator 

The team structure, skills and working relationship 

The attitude of stakeholders 

However, "what to measure'?" posed a dilemma. The case studies support the intermediate conclusion that the 

analysis of a complete value management study is unl~kely to yield any benefit. Thls led to the speculation that 

the answer to this dilemma lies in the value management toolbox, in the tools and techniques themselves. 

Performance metrics may be determined in two ways: 

1 .  to analyse each tool in turn to determine a characteristic time taken to achieve a pre-determined 

objective. This could be carried out by experimentation and yield a measurable efficiency ratmg. 

2. to build a series of example case situations to be presented to those practising value management 

with a request that they chose the appropriate tool to facilitate the solution to the problem. 

Both of these methods had their own attraction and formed the focus of the next stage of this study. 



7. A Case Vignette Approach 

A ~rignette is a brief but clear ~ ~ e r b a l  description. A case vignette in the context of this study is a brief written 

description of a conshuction situation conducive to izalue management. MacPherson (1994) used a case 

vignette approach in his study of decision making in the design of building services systems. The proposal was 

made that if a number of case \,ignettes were de\:eloped to represent various construction project sihiations then 

these could be used with benchmarking partners to explore best value management practice. 

A number of case vignettes were developed from a matrix descl-ibing projects under headings of: 

Public or pr-ivatcly fiinded 

Owner occupier or speculative (which in the latter case required a surrogate user) 

C'omplex- high value, complex- low value, straightfor~vai-d- high value, sh-aightforward-low value. 

High quality, low quality 

Tight time constraints, no major tlme constraints 

Procurement route i.e. designbuild, traditional, management contract, construction management. 

The stage in the project at which the value management study was to be held. 

A seminar was held to test the case vignettes involving d ~ e  research team and a client representative. After 

extensive trials and discussion the consensus was reached that the factors which were important from a value 

management stand point were: 

mihether or not the client andlor user were to be present at t1:c study and 

the stage in the project at which the study was to be undertaken: 

All other factors were addressed within the value management study but did not impact the style of study. The 

extensive de~~elopment of case irignettes was therefore abandoned in favour of two direct pi-ellminary questions. 

8. Development of a Benchmarking Methodology for Value Management 

An extensive review of' the bcllchinarking literahire summarised earlier identified the following attributes of 

benchmarking which distinguished it from subjective comparisons, industrial tourism or information grazing: 

the identification of best in class val~re management practit~oners and the attempt to al-range 

benclm~arking exercises w ~ t h  these. 

the SI-ark, honest and open shar~ng of'information. 

the focusing first on industry best practice and then on pcrforn~ance metrics 

the respecting ofconfidentiality. 



This is firther reinforced by McGeorge and Palmer (1997) who surnrnarise the stages of benchmarking as 

being: 

The analysis of own systems and methods of working and make any necessary improvements 

Look at own industry to learn the best methods and try to achieve the best practice 

Look outside of own industry to learn the best methods and try to achieve those best practices also. 

The benchmarking methodology adopted for value management is based upon a soft metrics approach and 

synthesised from the above as follows: 

Stage 1 Make explicit the value management method derived from research and used by Kelly and 

Male in consultancy activity. 

Stage 2 Identify performance metrics 

Stage 3 Identify best in class value management practitioners and make contact with these with the 

aim of organising a benchmarking activity. 

Stage 4 Undertake benchmarking 

Stage 5 Revise Kelly and Male methodology in order to reflect benefits from the benchmarking 

exercise. The fulal document becomes a best practice manual which is tested at expert 

seminars. 

9. Application of a Benchmarking Methodology 

Stage 1 - Make explicit the Kelly and Male metlzodology 

The Kelly and Male methodology was reduced to the diagram as shown in figures 2 and 3. The diagram 

embodies the stages of the value management process and the techniques used by Kelly and Male in value 

management consultancy. 

Stage 2 - Idcnt~fi performance nzetrics 

The diagram therefore provides a breakdown of the value management process into discrete performance 

metrics. These metrics are characterised by their capability of being described in terms of activity and an 

approximate time associated with the activity. 

Stage 3 - IdentiB best in class valrre management practitioners 

The RICS Geographic Directory identiiies 78 surveying organisations whch offer a value management service. 

From information gleaned primarily from clients of value management services, best in class organisations 
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were identified as being two contractor based organisations and seven value management consultancies of 

which six were either Quantity Surveying practices or wholly owned subsid~aries of Quantity Surveying 

practices. Arrangements were made to undertake benclmlarking in the early part of 1997. 

At the same time contacts were being made in Australia, Japan, USA and Europe with the intention of 

identifying best in class. In the case of Austra!ia a start was made by making reference to the New South 

Wales, Public Works Department's list of approved value management practitioners and a number of 

benchmarking sessions were arranged before travelling to Australia. On arrival in Australia Kelly and Male 

made a presentation to the Institute of Value Management Australia and subsequently took advice on best in 

class and sought these practitioners where they were not on the original list. 

A similar approach was used for the USA with the SAVE International conference in Seattle being the focus 

and site of 18 benchmarking exercises. 

Stage 4 Bettchmarkirzg 

In the UK two client interviews gave focus and direction towards 11 benchmarking studles of which 2 were 

undertaken with manufacturers. In Australia 10 studies were undertaken including 2 with national and state 

government representatives which also provided focus. In the USA 12 construction and 6 manufacturing 

benchmarking studies were undertaken. Some work has been done in Europe which presents a patchy picture 

of the application of value management generally and some work has been undertaken in making contacts in 

Japan although to date no benchmarking studies have been arranged. 

Stage 5 Applicafiotr of Results 

The sorting ot'data gained is currently being undertaken, it is hoped to complete stage 5 before the end of 1997 

10. lllustration of Preliminary Results 

The follov~ing is an illustration of the prelilnlrlary results from Benchmarking the metric pre-workshop 

infom~ation gathering. The Kelly and Male methodology requires structured information gathering by the 

value management facilitator(s) comprising: 

Facilities walk through, in situations where the client is proposing a building of a similar corporate 

style to an existing facility. 

PoE reports, the study of any post occupancy report data. 

Questionnaire, the studying of any user satisfaction surveys as appropriate. 

Stakeholder analysis, the discovery, usually in discussion with the client, of all those who will 

have a stake in the completed project. 



Document analysis, the study of client files to map a hlstory of the project, primarily to gain an 

insight into the brief which would also be studied. 

Interviews, with key people who may or may not attend the value management workshop e.g. 

client's project sponsor, the architect and project manager. 

Presentation of the information at a pre workshop meeting which would be held on the evening 

before the first day of the workshop. 

The Kelly and Male methodology requires the use of two facilitators during the workshop which is generally of 

two or three days duration. However, llormally information gathering would fall to one facilitator. 

Benchmarking highlighted different approaches to this stage as follows: 

Pre-workshop meeting of the full value management team to highlight the main issues was used by 

three facilitators in Australia. two in the USA arid four in the UK. This meeting could precede the 

main workshop by up to three weeks. This meeting prompted an information pack prepared by the 

facilitator in two cases in Australia and one case in the UK. In the USA it was common for a meeting 

to be held between the facilitator and the client only andlor a further meeting with the facilitator and a 

cost consultant. The issuing of information packs prior to the workshop was a common feature of 

value management studies in the USA. 

No pre-workshop activity was the preferred situation for three facilitators in Australia, three in the 

USA and one in the UK. The cost of such an activity in a competitive commercial environment was 

the most common reason for it not being undertaken. 

Some variant of the Kelly and Male approach was used by one facilitator in Australia (also nominated 

as best in class by other facilitators), four in the USA of which two were manufacturers and four in the 

UK of which one was a manufacturer and another construction organisation was considered best in 

class by the majority of those surveyed. 

The issue of fee bidding was mentioned by the majority of facilitators with those who undertook up to three 

man days on pre-workshop activity stating that they could not compete on price and relied on repeat 

commissions. 

It was noted that the Kelly and Male methodology at the pre-workshop stage was used in some form by two 

best in class practitioners, one in Australia and one in UK. However, the Kelly and Male methodology focused 

on briefing the facilitator only whereas others used the ~nformation gained to form the basis of an information 

pack which was circulated to the team prior to the workshop. This it was argued was an efficiency gain and 

allowed the team a faster entry into the workshop. The extent of the efficiency gain will be measured and if it is 

considered appropriate the Kelly and Male methodology will be modified. 



I I. Conclusion 

A considerable amount of research in this project has been devoted to identifying and defining soft metrics and 

realising a method of their measurement. At the time of preparing this paper a Microsoft Access based data 

base is being compiled with all of the results of the benchmarking exercises. From this database it is expected 

to draw a meaningful correlation between individual items of data. As a part of the benchmarking procedure 

complete confidentiality has been maintained, with the benchmarking partners gaining the most through an 

anonymous version of the full database. It is confidently anticipated that a best practice manual for value 

inanagemeqt will be available during the early part of 1998. The realisation of soft metrics and a method of 

benchmarking will promote continuous improvement in value management services. 
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Abstract 

The research addresses the problems associated with the gap which exists in the provision and dissemination of 

construction research and other relevant information and the need to improve the accessibility to the sources of 

information. 

To this end, the work investigates the major sources of research information in the UK and abroad. The sources 

have been categorised under commercial and institutional databases. These are collated under On-line, CD-Rom 

and Hard Copy prints out formats. The areas covered primailly relate to the disciplines within construction 

management and econon~ics. But the report also covers other disciplines within construction. 

The report demonstrates that there is no shortage of relevant information in the fields of construction and the 

amount of research information is indeed significant. 'The sources of information may be varied and sometimes 

very expensive, but they are structured and they are accessible for use and for interrogation. However, it seems that 

there is a very low level of awareness. aillongst both academics and the industry, about the existence of these 

sources. 

Keywords: Construction, Research, Database, Information 

1 Introduction 

The success of a research project is to a large extent dependent on the availability of information relevant to the 

area under investigation. The knowledge about the past work lays the founciation for the conduct of the relevant 

ongoing and future works. Similarly, for the industry to be able to take advantage of the research activities, it must 

have access and have up-to-date knowledge about other research activities. The same applies to the professional 

institutions and bodies. This is particularly true for the Construction Indushy in the UK which has a less than 

satisfactory record of R&D. The construction datalinformation consumers tend to spend a good proportion of their 

research time searching for the right information. 

Often a completed research work finds its home in a bookshelf amongst other works, which would have otherwise 

had the potential to be converted into a form exploitable by the industry. Even the subsequent publications arising 

froin the research works in the refereed academic and trade journals, or the proceedings of conferences, do not 

present themselves exploitable by the industry. 



With the significant advancement of the tools and methods of communication and information technology, the 

discussion about the location of information needs to be addressed. The dominating trend that prevailed during the 

80s advocated a centralised approach to data storage. On the other hand, the advent of the Internet and the 

enhancement of the tools of communication, during the past few years, has promoted a completely opposite course 

of action: centralised information bases have, to a large extent, given way to individual web pages. 

However, the problem with the distributed approach to location of information is its total reliance on the effort of 

the individual be it a person or organisation. The dynamic nature of the Internet has facilitated its expansion into the 

world's largest source of information. However, this dynamic nature and the anarchical approach to information 

storage have a downside that information can alter or disappear or, the quality, origin and authenticity of the 

infoimation can be compromised. Nevertheless, much of the problems with the use of the Internet are the problems 

of growth, though the development and expansion of the Web may result in the growth of new problems such as 

extensive copy rights infringements, but the teclnology has the potential to deal with these problems. 

At present the main problems facing the research community is that much of the information, on the net, has not 

yet been shared widely. Certainly, in the field of constn~ction, the information about the vast amount of research 

works have not been made available to the interested parties and there is no evidence of it moving in that direction. 

Therefore, it appears that despite the advancements of the tools of conununication which bring individuals closer 

together, there still is a need for the availability of centralised sources of research information: identifiable points of 

reference can shoi-ten the often tedious and timely process of literature searches and the dissemination of research 

information to the industry. This is the direction which the large companies are cul~ently exploiting: the 

developn~ent of Meta-Data, Data Warehouses and Data Mai-ts has proved to be the way forward. This is a highly 

centralised approach to data storage and processing that enables the use of info~mation also in a distributed manner 

but with a greater degree of control and processing efficiency. 

Nevertheless, as it stands both, the centralised and distributed forms will continue their development separately and 

in combination, and their interdependence will not hinder their independence. 

This paper is based on the identification of the need for access to research information by the academics, industry 

and the institutions, and the problems of the dissemination of research information. The work is to a large extent a 

survey of t.he sources of research data in the UK and abroad. These sources are categorised under Commercial 

databases and Tnstitutionalised databases. These categories are subdivided into on-line. CD-Rom and hard copy 

print out. The areas covered primarily relate to the areas relating to constniction management and economics. But 

the report also covers other disciplines within construction. 

2 Background 

This research is the extension of the work that was originally commissioned by the Chartered Institute Of Building 



and Association of Researchers in Construction management. The work addresses the problems associated with the 

gap which exists in the provision and dissemination of information and the need to improve the accessibility to the 

sources of information. The result was a report titled "Construction Research Database" identifying the major 

sources of research information in the UK and abroad. 

3 Research Databases 

The databases are grouped in terms of' their form: they consist of On-line, CD-Rom and those available on Hard- 

copy format. They are categorised under Construction, Management, Biographical, Conferences and Events, and 

Research infomlation. 'fie categories are as such due to the core emphasis of the databases. However, the 

categories often contain databases, which cover a variety of subjects, hence, there may be overlap of the subjects in 

different categories. These subjects were broadly divided into classes: Construction Management, Building 

Economics, Architecture, Civll Engineering, Structural Engineering, Town Planning and Environment. However, 

the extent of the coverage of the databases required these classes to be expanded. 

3. I On-Line Databases 

The information which have been useti to describe the characteristics of the on-line databases consist of the 

following fields. 

The data base nnme 

Tlic~ pr-oducer of tr'(itabase 

The country of origin 

Tlzc hosts proljiding the tr'(ltnhnL\e (171(q~ h~ cll'(iil~~hle on I I I C I ~ ' ~  tlloiz one 1z0,st) 

A description ofthe content of the datah~lse 

The periotr' of cowrage 

The estimnted ~zunzbel- of r-ccor-(Is contained 

The sources from wjhich the infc,~.nzation is taken 

The.frequozc~) ~t'ith rilh ich it is updated 

Tlze Wpe qf'chtu (hibliogl-clphic, hiogruphic, chrectoq) etc) 

Tho caost, rvherc citlailahle 

Where necessary. these fields are categorised and coded. In Table 1, the basic detail relating to the on-line 

databases is provided. 

DATABASE 
Architecture 
ARI ANE 
Australian Arch. Database 
Avery Index ( Architecture) 
ABI/INFORM 
Bowker Biographical Dir. 
Dissertat'n Abstracts Online 
Ei Compendex Plus 

Connection 
price/min 

$1.20 

$1.10 
$2.20 
$1.60 
$1.60 
$2.00 

Rent 
monthly 

$6.00 
$13.00 

$9.95 
$12.00 

COVERAGE 
1978 to date 
1913 to date 

1979 to date 
197 1 to date 

1861 to date 
1970 to date 

SIZE 
100000 

7500 
10000 

763000 
123000 

1000000 
3 100000 

UPDATED 
Monthly 
Weekly 
Bi-monthly 
Semiann. 
Weekly 
Biltriennial 
Quarterly 
Monthly 

TYPE 
Biblio. 
Full Text 
Biblio. 
Biblio. 
Biblio. 
Biblio. 
Biblio. 
Biblio. 



Current Contents Search 
Acompline 
Urbaline 

L 1 ~ v e r a g e  9724101 
Table 1. List and Information on On-Line Databases 

Resline 
C0Rr)IS 
Government Research Dir. 

It is evident from Table1 and Figure 1 that USA and UK hold the majority of the databases, however, lack of 

information about databases in other countries makes this judgment somewhat invalid. 

1974 to date 
1974 to date 

Australia France Germany Japan Luxembourg UK USA 

Current eds. 

- - - - - - -  - - - -  

I C o u n t r y  of L o c a t ~ o n  
I 

258000 
258000 

A u s t r a l i a  F~~~~~ 

3700 

1 2 %  

J a p a n  
4 O/o 

4 9 %  L u x e m  b o l l r g  

4 O/o 

Weekly 
Monthly 
Monthly 

The sources of the databases within each category are identified in Table 2: information about conferences and 

journals are rather significant and popular amongst the hosts. Also, there are interests in books and reports 

including government publications. 

T.O.C. 
Biblio. 

Annually Biblio. 

Directow 



 SOURCES lconstruction IManagement IEvents IResearc ] 

B 
C 
D 
E 

Books, Booklets 
Business ~ublications 

F 

L Periodicals 
Phamphlets 1 

Conferences 
Education 

I 
J 

5 

Exhibition catalogues 
Government publications 
Journals 

1 

6 

P 

In Table 3, the producers and the institutions hosting the on-line databases are introduced. It is shown that a 

1 
4 
8 

1 Laboratories 1 1 

I I I I I 

database can br hosted by more than one host-con~pany. It is interesting to note that while there are many sources 

1 

Monographs 

Reports 
Research centres 
Technical literatures, Manuals 

R I  Theses 

producing the on-line databases, there only a handful of hosts covering all databases. 

I 

1 

DATABASE I P R O D U C ' E R  

1 

1 

4 
1 
3 

Table 2. Sources of Information for On-line Databases 
1 I 

Architecture IBritish Architectural Library, RIBA 

1 

5 

1 

DIS I 

1 
1 
1 

ARIANE 
Australian Architecture 
Avery Index ( 
ABI/INFORIM 
Bowker Biographical 

NTIS 
PASCAL 
Research 
Scisearch 
Civil Engineering 

Institut Technique du Batiment;travaux 
Stanton L~brary, New South Wales 

Dissertation Abstracts 
Ei Compendex Plus 
Federal Research in 

National Technical Information 
Institut de llInformation Scientifique et 
Gale Research Inc. 
Institute for Scientific Information 
An~erican Society of Civil Engineers 

self 
ACI 

Avery Library, Columbia University, 
tJniversit~~ Microfilms 
R.R. Bowker 

STN 

University Microfilms International 
Ei, Engineering Information, Inc. 
National Technical Information 

DIS 
DIS 
DIS 

STN 

DIS 
DIS 
DIS 

CONF 
CONFSCI 
FTN 
ICONDA 
N 
ISMEC 
Current ~ o n t e x ~ e a r c h  
Acompline 

ESA- 

FIZ Karlsruhe 
Cambridge Scientific Abstracts 
FIZ Karlsruhe 
Fraunhofer Society 
Japan Information Centre of Science 

Urbaline 
Resline 
COKDIS 
Government Research 

STN 
STN 
STN 
STN 
STN 

Cambridge Scientific Abstracts 
Institute for Scientific Information 
London Research Centre 

I 
Data- 

D1S:Dialog Information Services 
Table 3. Producers and Providers of On-line Databases 

London Research Centre 
Library of the DOE &Transport 
Commission of the European 
Gale Research International Ltd 

Orbit 

STN 
Dialog 
ESA- 
ESA- 
LRC 
ECHO 
Dialog 

BRS 

- 

Data- 



Annual Bimonthly Biltriennial Bi-weekly Monthly Quarterly Semi-annual Weekly 

d a t e  F r e q u e n c y :  O n - l i n e  

W e e k l v  A n n u a l l y  

Q u a r t e  r ly M o n t h l y  
4 %  3 0 O h  

These on-line databases are updated on a regular basis. Figure 2 demonstrates the distribution of the frequency of 

update of the databases. While the 'monthly' is the most frequent update, the bimonthly and weekly updates are 

also popular. 

As far as the subject n~dtters of the databases are concerned. these are divided into thirteen main subjects. These 

subjects have their corresponding constituent sub-divisions. 'Illese are listed in Table 4 and the frequency of their 

occurrence is cross-tabulated against the categories of the databases. The table shows no lack of information 

relating to construction, engineering, & science, various aspects of planning and transportation, as well as research 

matters. 

[sub-elements Iconst'n lmgt I ~ i o g  lconf Iresearch 1 
1 A 
B 

IC  

E 
F 

J l ~ a t s & ~ r o d u c l ~ a t e r i a l s &  products, manufacturing, material I 3 I 

Design 
Constln/Build 
Econon~ics 

1 I~anagement  1 admin, business, management 

1 politics ~ E C .  social ~ol ic ies .  I 51 1 I I 2 1 

Eng.& Sience 
Environment 
Funding 
History 

21 1 1  

Architecture, art, interior design 
bld. Technology, regs, restoration, 
Economic developn~ent, finance 

I ( ~ r a n s ~ o r t a t i o  l~ rans~or t a t i on  4 1 1 )  
'Table 4. Constituent Subjects of On-line Databases 

civil, physical&life sciences, mechanical, 
Environmental issues, preservation & 
Research, facilities, foundations, bodies 
Architectural, building 

L 

N 

3 
5 
4 1 I 

6 
2 

2 

Planning 
Projects 
Research 

1 

Economic, housing, land scaping&use, regional, 
Leisure&recreation 
Conferences, theses, institutes, iournals, proiects 

1 
1 
2 

6 
2 
5 2 

1 

6 



Abstracts Bibliographic Directory Full Text Numeric Tables of contents 

T y p e :  0 n - l i n e  
' Figure 3 shows that the majority of the 
I 

I on-line databases are of bibliographical 

type. But, there can be different types 

within one source. 

-- -- - -- 

Figure 3. Types of On-line databases 

3.2 CD-ROM Databases 

Similar fields are used to describe the features of the databases on CD-Roms. These features are highlighted in 

the following Tables. Table 5 provides the general information about the CD-Rom databases: as well as a 

considerable price variation, the databases also vary in terms of the coverage and the frequency of update. 

Table 6 lists the subject areas covered by the databases and their sub-divisions. Here, in comparison with the 

on-line, IT areas are added but other subject areas have been removed. 

Table 7 shows the distribution of the sources of information and Table 8 introduces the producers and the 

providers. 



DATABASE 
ABIIIn form 
Applied Science & Tech. Index 
Buld Ex~ertise in Science & 

I I I I 

Concise Engineering and Tech. 1 

COVERAGE 
as online 

Business Periodicals Index 
Citis 

1983 to date 
Current 

SIZE 

1982 to date 
1972 to date 

624,000 + 

u u 

Directory of American Research 
Dissertation Abstracts 

UPDATE 

822,000 + 

2 15,000 CTI PLUS 
Current Reseaich in Britain 

Monthly 

198 1 to date 
Current 
Current 
as online 

Ei Civildisc 
Ei Compendex Plus 

TYPE 

Monthly 
Semiann. 

Quarterly 

Quarterly 
Quarterly 

Ei Page One 
European R&D Database Plus 
Findex 
Grants Database 
ICONDA 
1BSSA:Building Science & 

Biblio. 
Biblio. 

as online 
1984 to date 
1989 to date 

Biblio. 

Full Text 

- 
Market Studies Library on CD 
N'TIS 

pricelann 

Biblio. 
Biblio. 

Directorv 

Biblio. 
Biblio. 

600,000 

Current 
1980 to date 
Current 
as online 
1972 to date 

R & D in Russia 
RIBA. ti 

Urbadisc 

disc no 

$1030 

& 8 5 Olqrt 
$130 

Quarterly 

$710 
$995 

1990 to date 
1980 to date 

Science Citation Index (SCI) 
UK Reference gn Research 

1 

$398 

$2,495 
$2,460 

1 

600,000 
120,000 

as online 

1989 to date 

Table 5. Information on CD-Rom-based Databases 

1 

Biblio. 

2 or 5 

Quarterly 

200 + 

SCIITech Reference Plus 
1945 to date 
Current 

Who's Who in Science and Eng. 
World Research Database 

I~ub-elements Iconst' I biographical 1 research I 

$250 

Bimonthl 
Quarterly 
Semiann. 

Biblio.+ 

Semiann. 
113 ann. 

Quarterly 
Quarterly 

Quarterly 
Annually 

Current 
Current 

Biblio. 
Biblio. 

Biblio.+ 
Full Text 

A 
B 

Full Text 

$543 

Biblio. 
Directory 

22,000 

C 
D 
E 

$607 
$757 

$975 

Design 
Const'nIBuild. 

F 

I ITransportation Itransportation 2 1 
Table 6. Constituent Subjects of CD-Ron1 Databases 

1 
1 
1 

$2,571 

Annually 

Economics 
Education 
Ene. & Science 

L 
N 

1 
2 or 3 

architecture, art, interior design 
bld. technology, regs, restoration, specifications 

Environment 
Funding 
IT 

Table 7. The Sources of information for CD-Rom Databases 

Bio. 
Bio. + 

1 
4 

economic development, finance 
education 
civil, phvsical&life sciences, mechanical, 

Planning 
Research 

$190 
$2,400 

environmental issues, preservation & 
research, facilities, foundations, bodies 
IT, A1 

SOURCES 

1 
1 
8 

economic, housing, !and scaping&use, regional, 
conferences, theses, institutes, journals, projects 

score 

2 

2 

2 

2 

A 

B 

C 

D 

2 
1 
2 

Books, Booklets 

Business publications 

Conferences 

Government publications 

1 
1 

1 

3 
1 

2 

7 

score 

6 

2 

2 

1 

SOURCES 

E 

F 

G 

H 

Journals 

Periodicals 

Reports 

Theses 



 lied Science & Tech. 1ndex /~.M.Li'ilson I~i lsondisc  I 

host1 
Microinfo 

DATABASE 
ABIIInform 

1 Citis 

PRODUCER 
UMI 

I I 

Buld Expertise in Science & 
Business Periodicals Index 

Longman Cartermill 
H.M.LiTilson 

Concise Engineering and Tech. 
CTI PLUS 

Longman Cartermill 
H.M.Wilson 

Current Research in Britain 
Directorv of American 

Microinfo 
Bowker Saur, Reed Ref. Publishing 

Dissertation Abstracts 
Ei Civildisc 
Ei Com~endex Plus 

Microinfo 
Bowker Saur 

Longmancartermill 
Bowker Saur, Reed Ref. Publishing 

Ei Page One 
European R&D Datbase Plus 
Findex 

I 1 ~ ~ ~ ~ : ~ u i l d i n g .  Science & 1 Citis 1 Citis I 

Longman Cartermill 
Bowker Saur 

UMI 
Engineering Information Inc 
Engineering Information Inc. 

Grants Database 
ICONDA 

CD Plus Tech. 
Engineering Info Inc 
Engineering Info Inc 

Engineering Information Inc. 1 ~ n g i n e e r i n ~  Info Inc 
Bowker Saur, Reed Ref. Publishing 
Cambridge Scientific Abstracts 

IRB 

" 
Market Studies Library on CD 
NTIS 

1 SCIITECH REFERENCE l ~ o w k e r  Saur, Reed Ref. Publishing IBowker Saur 1 

Bowker Saur 
Silver Platter 
Dialog 
Microinfo 

R & D in Russia 
RIBA.ti 

FIND/SVP 
(NTIS), U.S. Dept. of Commerce 

Silver Platter 
Dialog 

Scientific&Tech. Info 
Technical Indexes 

Science Citation Index (SCI) 
UK Reference on Research 

Table 8. The Producers and Providers of CD-Rom Databases 

Microinfo 
Technical Indexes 

Urbadisc 
Who's Who in Science and 
World Research Database 

Unlike on-line databases, the CD-Roms are produced by many and hosted by many companies. The information 

relating to the frequency of update and the country of location are provided in Figure 4 and Figure 5.  Again UK 

and USA dominate the figures. It seems that the CD-Roms have a slower pace for updating than the on-line. 

- 
Institute for Scientific Information 
Microinfo 

Annually 
11% 

Institute for Scientific Info. 
Microinfo 

Reseau Urbamet and Questel 
Bowker Saur, Reed Ref. Publishing 
Longn~adiMicroinfo 

I Monthly 
F 11% 

London Research Centre 
Bowker Saur 
LongmadMicroinfo 

US. A 
41 '10 

I 

Figure 4. Frequency of Updating: CD-Rams I Figuree5._Co_untry of Location: CD-Roms , 



3.3 Databases of the institutions 

Some 400 institutions were investigated worldwide and a list of 29 institution with some sort of a database was 

collected. These sources cover a variety of subjects - listed in Table 9. 

I I Sub-elements Iscores 1 
, 

I 

' 

Eng. & Science 
Environment 

Design 
Const'nIBuild. 
Economics 

Funding 
IT 

civil, physical&life sciences, mechanical, 
environmental issues, preservation & 

Management 
Mats&Product 
Planning 

Table 10. provides the listing of the services or databases that are provided by some building research institutions 

worldwide. The list is by no means defmitive. But, most of those providing relevant information on construction 

research are included. The great majority of these are provided as lists or registers of research in print format, and 

access to them is merely a matter of approaching the institutions involved. 

architecture, art, interior design 
tech., regs, restoration, 
economic development, finance 

5 
2 

research, facilities, foundations, bodies 
IT, AI, Software 

Research 
Transportation 

2 
10 
2 

1 
1 

adnin, business, management 
materials& products, manufacturing, material 
economic, housing, land scaping&use, regional, 

2 
2 
8 

'able 9. Constituent subjects of the Institution Databases 

conferences, theses, institutes, journals, projects 
Transportation 

6 
1 



The Royal Institution of Chartered Surveyors 
The Steel Construction Institute 
The Swedish Institute for Wood Technology Research 

Table 10. Institution Databases 

US Department of Housing and Urban Development 
Union Internationale des Centres du Batimen 
University of Reading, Dept of Construction Management and 

3.4 Hard copy reports 

Only a few sources have been identified that provide hard copy report of research information. These vary 

significantly in terms of their nature, size and price. These are described below. 

UK 
UK 
Sweden 

Index to Theses: Consisting of several volumes, this is provided by the Association for Information Management 

(ASLIB). It is a comprehensive register of theses arising from research in British institutions. 

Annually 

Annually 
USA 
Netherlands 
UK 

Building Construction Architecture Databases: Again, provided by ASLIB, this is a register of existing 

databases in construction. It does not contain information on construction research but can be used as a source 

document. 

Ei Civil and Structural Engineering: The print version of Ei Civil disc is provided by the Engineering 

Information Inc. at the price of £435. 

Bibliographic 

Applied Science & Technology Index: By H.M.Wilson 

Quarterly 

Current Contents: It is the print version of Current Contents Search Online provided by the Institute for Scientific 

Information with the price tag of £442. It covers Engineering, Technology and Applied Sciences. 

Science Citation Index: The print version of the index at the price of £1 1,650. 

Current Research in Britain: By Longman Carternill 

National Technical Information Service: At the price of £60, it consist of a Directory of Scientific and Technical 

Research Programs in the U.S. Government. It provides an overview of Federal agencies' responsibilities in 

disseminating scientific and technical information (STT) originating with Federal R&D Programmes. It lists the 

major agencies involved and is a guide to comprehending the scope and relationship of Federal ST1 programmes. 

Science and Technology Resources in U.S. Industry: At a lower price of £54, the National Technical Information 

Service provides a summary of American industrial science and technology resources in terms of R&D activity, 

90 



employment and use of scientists, engineers and technicians. 

European R & D Database Plus: Produced by Bowker-Saur - Reed Reference Publishing, this is the print format 

of the CD-ROM edition, including the Directory of European Research and Development and Who's Who in 

European Research and Development. It costs £995 

Directory of American Research and Technology: The same provider - Reed Reference Publishing - produces a 

print format of the CD-ROM version charging £250. 

European Regional Incentives: For £69, Reed Reference Publishing provides a current and comprehensive 

review of all regional grants and other aid offered to industry and business in each of the 12 EC countries and 

Sweden. There is also an expanded section on the European Commission. 

Annual Register of Grant Support: Again, Reed Reference Publishing gives a guide to over 3,000 programmes 

offering billions of dollars in non-repayable support shows how to access the hnding potential of these sources. 

There are 11 major subject areas, 61 specific areas. All types of hnding included: educational, unions, corporate, 

private and public. The price is & 145. 

Who's Who in Science and Engineering: The same publisher provides the print format of the CD-ROM version 

for & 190. 

Information Sources in Engineering: This contains reports, standards, patents, journals, conferences, theses, 

product information, abstracting and indexing services, bibliographies and reviews, computerised information 

services, standard reference sources and much more, for a mere £65. 

Current Technology Index: This is the print Version of CTI, but costs £595. 

Sources of Construction Information: A report is produced by the University of Strathclyde: Department of Civil 

engineering providing an extensive list and description of general sources of information and statistical data 

relating to the field of construction. 

4 Conclusion 

It has been noted that the success of any research depends on the ability to build on the relevant work carried out 

previously. Similarly, the success of any organisation hinges on its ability to have access to various types of 

information. In this respect, construction academics and practitioners are no exception. 



To this end, it has been demonstrated that there is a significant volume of construction research and other 

information available in organised and structured ways. These sources empower researchers with the knowledge of 

relevant information. However, these are often at a notable price making them available to larger organisations and 

institutions only. 

The work has unleashed the information relating to various disciplines within construction, stored in various forms 

by several organisations, in different countries and in different formats. Undoubtedly, it will not be long before 

these databases will be made available on the Internet with greater efficiency of access - the price changes can not 

be assessed at this stage. 

The analysis of the databases revealed that they vary in terms of their size, frequency of update, price, coverage 

period, format, country of location, sources of data and content. Some of the databases focus on a specific 

discipline and other are broad encompassing various areas within construction fields and those peripheral to them 

5 Future Work 

Although the databases outlined in the work are comprehensive and structured, nevertheless, they are scattered in 

different locations, they have varied structures and they can be very expensive. Therefore, the establishment of a 

centre funded through a grant or by an institution(s) can help to bring all these databases under one roof. The centre 

can coordinate the acquisition of the datalinformation and admister  its dissemination. The establishment of such a 

centre will undoubtedly enhance the quality of research in construction. 

Obviously, the boundaries of the functions and services of the centre can expand over the years and so will the 

underlying technology that will support the whole process. 
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Abstract 

Based on the story of CIB W55 Commission on Building Economics since its start in 1969 the lines of building 

economics will be described. The three present objectives and the scope of work will be traced back to their 

introduction in the W55 Commission. This includes the development of research in resource management in 

construction; evaluation in design and construction planning, and the information systems applied in the assessment 

of buildings, construction and the environment. The development of the hybrid characteristic of research in building 

economics will be discussed considering the various research interests. In this research field activities currently ran- 

ge from research in global construction strategy to research in budgeting the working hours for maintenance of a 

building. The paper also includes a complete list of publications issued in collaboration with the W55 since its start. 

Also some persons of the Commission will be mentioned briefly or referred to. 

I. A turbulent start 

The Commission W55 on Building Economics was initiated by the CIB Board in 1969. Originally the Commission 

was established to promote the application of economic assessment methods in the professions due to the recognised 

gap between everyday practice and the state of the art of economic assessment and evaluation. Two mqjor interests 

were presented from the beginning. One was the need for relevant and comparable methods to assess the economic 

assumptions and consequences in relation to the planning and design of buildings and the construction process. The 



other was the need for measuring and comparing productivity in the construction sector nationally and internation- 

ally to promote construction development. TO find a balanced fit for international collaboration in the CIB has not 

been an easy task. 

After the CIB Congress in Paris 1972 the board appointed Klara Szoke, fiom Hungary, as the coordinator of W55. 

She became the first permanent coordinator following three temporary coordinators. She continued as coordinator 

until her reassignment in 199 1, whereupon I was appointed. That is the story about coordinator ship of the W55 

Commission until this year when I resign and a new coordinator is to be appointed. 

The collaboration in CIB W55 was excellent between the coordinator 1973-1991 Mara Szoke, Hun- 
gary, and the coordinutor 1991 -1 997 Dan Ove Pedersen, Denmark, since their first meeting in 1970 
@hoto) at the Research Institute for Building and Architecture, Prague. 

The Commission with the newly appointed coordinator then started to become more goal directed by preparing its 

first international symposium, convened in DubIin, IreIand during 1974. The subject matter was "Assessing the 

Economics of Buildings". Disputes about the terms of work continued however at many subsequent amuaI 

meetings. Still the Commission managed to get work done mainly directed towards preparing the research 

programmes for the triennial Lnternational Symposia on Building Economics. Seven triennial symposium have been 

convened. Two were joint with the CIB W65 Commission on Organisation and Management of Construction. One 

in Canada 1984 I91 and the other in Australia 1990Ml. The symposium in Portugal 1996 I41 was joint with the CIB 

W95 Commission on Urban Infrastructure. The symposium in Denmark 1987 181 was joint with CIB W82 Cornrnis- 

sion on Futures Studies in Construction. Other symposia were organised by W55 in Ireland 1974 I1 11, in Switzer- 

land 198011 01 and in Croatia 1996111. 



Membership of the Commission was from the start restricted to invited researchers from the member institutes. At 

the meeting in 1970 we were ten members. After the first International Symposium in 1974 many participants 

expressed a keen interest in membership of the Commission and many were invited to join in. During the 1970s and 

1980s membership increased to approximately 100 representing about 35 countries taking part in the symposia and 

about 25 participating at the annual meetings /Szoke 1987 in 8. Keynotes/. To day the Commission has 130 

members from about 40 countries. 

The present scope of work is to collect, study, evaluate, disseminate, exchange and discuss the objectives of the 

Commission. In practice, however, the Commission works by meetings and by contributions to meetings. It is 

expected that members - at least every third year to the international symposia on building economics - participate 

and contribute with research work. 

2. What is Building Economics? 

The present text of objectives of work for W55 (annex 1) along with new requirements for standards and procedures 

for the reviewing of papers (to be presented at Commission meetings and Symposia) was decided at the annual 

meeting in 1994 which was held in Hong Kong . The research themes that the Commission agreed upon will be 

reviewed in the following by tracing back the development in the objectives and the results of the work in the W55 

Commission on Building Economics. The research work is delimited to the economic aspects of the following: 

Resource management of the construction sector on macro and micro level; Evaluation in design and construction 

planning; Information systems applied in the assessment of buildings and the built environment. 

The concept of Building Economics used as a heading for these work objectives does not appear in the 

acknowledged classification systems of economics as for example the one from the American Economic Associa- 

tion. Instead the various concepts studied in W55 are classified in numerous categories which makes it hard to iden- 

tify and define the research field that we name Building Economics. Within the Commission discussion on this issue 

is raised at intervals. In 151 G.Dandri made a constructive proposal in that he subdivided the term economics into 

the three areas: Economic policy, Economic science and Economic techniques. Each of these parts of economic 

theory and practice were then classed within the various fields of practice: Projects; Real Estate; Land; Infra- 

structure; Design; Construction; Housing; Energy, etc. In this way it is straightforward to identify in a well-arranged 

system all the concepts of the W55's objectives of work without offending the pure economic research environment. 

The debate on research work organised according to industrial sector instead of to category of economic problems 

has always influenced the research world. As can be read in the following the W55 Commission has endeavoured 

to work with any type of economic problems that may now and again be applied in the real world of construction 

and the built environment. 



3. Economic aspects of resource management in the construction sector 

3. I Internationalisation of construction and civil works 

Construction is still mainly a local based traditional activity with only a small share traded internationally. The 

tendency, however, is clear. Today, technological development drives the internationalisation of most industrial 

business and business services that contribute to the wealth and welfare of nations. This force in the international 

development follows a period with reduction of financial barriers in many regions of the world due to the 

liberalisation of trade barriers in the 1950s and 1960s. 

The building materials industry is, today, oriented towards internationalisation just as most other major industries. 

It works typically as global companies linked together by capital investments or as networking between companies 

and supply chains of products, equipment and raw material. The important features of this international development 

are that the ideas of logistic planning, performance specification and quality management are encouraged and create 

flexibility in production and customised design. This then reduces cost in production and in transactions. 

The Commission W55 does create some information about international building market development and, from 

time to time, reports on comparative conditions concerning financing and cost for construction and housing in 

various countries. In recent years the Commission has been presented for the ECERU Survey /Bon 1996 in 1. 

Vol.II/. This provides an opinion based survey of future trends in the global construction market by ranking attrac- 

tiveness for countries and for cities with one and five years perspectives. The annual questionnaire is answered by 

approximately 125 expert respondents. 

3.2 Global development in construction 

The model behind the questionnaire is based on the findings that the construction outputs for a specific country vary 

through time and with increases in GDP per inhabitant. Developing countries experience a relatively fast increasing 

construction activity. The next group, the new industrialised countries, do gradually experience a period of mature 

construction market. In the group of advanced industrialised countries the construction output tends to decrease to 

a more stable but higher level of GDP than originally. The share of repair and modernisation increases during time 

and in some advanced industrlalised countries amount to more than half the total construction output. 



The reasons for these long-term cyclical movements in construction output are that the combination of demand for 

housing, business buildings and infrastructure is increasing relatively faster ,that .the GDP; but also the technology 

of construction itself makes it almost impossible to enlarge the supply capacity concurrently with the excessive 

demand. Gradual adjustments of the construction capacity to the demand i-luctuations are not an easy task in national 

economic policy or resource management. Many research papers of the W55 have dealt with these types of 

problems. Just to mention some headings: The role of economic assessment in decision-making ISzoke 1974 in 1 11; 

Government policy towards the construction industry IBuyks 1990 in 7. Vol. 11; Building Cycles - A Focus on ,the 

Supply Chain IFlanegan 1996 in 1. Vol.111. 

3.3 Construction and economic transition problems 

The research in national and global construction activities has created the need for information like the ECERU 

Survey. The effort to elaborate a world wide econometric model for the construction activities has not been 

successful. Some research work has been done for comparison between countries during time; most notably 

presented in 1990 in 17, Vol.11. The macro economic analysis of the construction sector in the national and 

international economy was first presented in two keynote papers by Bon and Urien in 1987 /in 8. Keynotes/. This 

followed the Commissions' decision in 1985 to include the study of nationallregional building markets in the 

programme of work. 

The intention with macro economic research in the W55 was to study methods for the control and avoidance of 

cyclical fluctuations in construction. Such type of economic development causes much trouble, not only for the 

firms in the sector, but also for .the authorities concerned with economic policy and productivity. Much work was 

done on forecasting and on sector policy issues for construction activities. Later the focus turned from the efforts 

to control and remove the cyclical movements to finding means by which firms can adapt to the realities of cyclical 

demand in construction which tend to be more severe than in many other industries. Not only were the cyclical 

movements studied but during the 1990s the important issues of transition problems in formerly planned economies 

and in developing countries came into focus. The seminar in Moscow 1995 was devoted to this specific issue 121. 

Two other typical references are: The cost management of construction in Shenzhen special economic Zones 

/K.Y.Chen 1994 in 31; Management of construction in transition economics IOltean-Dumbrava 1996 in 1. Vol. 21. 

3.4 Business cycles and construction 

Private commercial construction market's volatility and growth cycles bear a close relationship to structural changes 

in the economy in most countries. This observation and the consequences for the industry and for the companies 

has been widely studied. See for example IAkintoye 1996 in 1. Vol. I./ and IHindle 1993 in 4. Vo1.21. The research 

efforts are to a high degree devoted to developing the means by which firms or authorities can reduce the 

uncertainty imposed by market fluctuations. Forecasting of the building market or segments hereof was taken into 



the terms of work for W55 in the 1970s. This also includes study of means to control subsidised housing and other 

construction activities suitable for long-term planning so that the effects of business cycles in construction may be 

counterbalanced. Another way to tackle this type of problem is for companies to have efficient means of foreseeing 

their own business opportunities regardless of the economic cycles. This of course includes research in the field of 

price indexes and cost assessment and the models and data bases related to this purpose. The companies' way of 

acting on the market is equally important and many papers have been presented about bidding behaviour and 

tendering practice just to mention Skitmore's paper on The Raftery Curve I1 996 in 1 .Vol.I./. 

3.5 The economics of innovation 

The research into strategy and planning for the construction sector may have immense influence on the building 

markets and the construction companies in some countries. Fortunately this issue of research seems of equal or even 

inore importance in the economic regime today of competitive advantage compared with the former regime of 

economic planning of construction. Along with the term competitiveness, the terms technical progress and 

innovation also become more important as they are the headlines for growth in the companies and in the societies. 

For the Commission such issues have always been in the focus of the research. See for example IPedersen 1996 in 

1.  Vol.111. It was very clearly manifested at the last International Symposium in Zagreb 1996 and its proceeding that 

has the title: Economic Management of Innovation, Productivity and Quality in Construction 111. This line of work 

is, I think, important for the future work of W55. Innovation has a crucial role in international economic develop- 

ment. It stimulates growth and contributes to the wealth of nations. Construction activities are very sensitive to 

economic growth, but at the same time they create and promote income and employment opportunities better than 

many others. The construction industry, however, is lagging behind most other fields in taking advantage of new 

technologies and innovation. This may be a challenge for the W55 Commission's work to pave the way for eco- 

nomic evaluation and utilisation of building research in practice. The research programme should include economic 

analysis of construction activities world wide combined with professionals evaluation of the characteristics of 

construction activities in various regions. 

4. Economic evaluation in design and construction planning 

The objective that has attracted most contributions to the W55 work is the evaluation in design and cost planning. 

The research focuses on economic evaluation methods, VEIVA methods, design optimisation and productivity 

studies. These themes are of relevance for many researchers and professionals in universities, planning institutes 

and in companies. The building communities need technically correct, but practical, methods and guidelines for 

evaluating the economic performance of other building technologies and projects in a consistent manner. 

4.1 Economic evaluation methods and cost modelling 

99 



The economic evaluation methods studied and recommended in the W55 are the traditional methods for analysing 

capital investment. They include life-cycle costing, benefit-to-cost ratio, internal rate of return, payback, total cost 

estimates, etc. Certainly also, the issues of uncertainty in the application of the methods has been dealt with. Many 

case studies were prepared (and several reports distributed to W55 by Marshall, NIST, USA) especially concerning 

energy conservation, safety and environmental regulations. Also models for evaluation of building codes have been 

presented. The Commission actually came to a fine end with this type of work in that H.E.Marshal1 wrote a hand- 

book on Economic Methods and Risk Analysis Techniques for Evaluating Building Investment - A Survey 1199 1 ,  

61. It is the only monograph issued by the CIB W55. Some of these methods especially life-cycle-costing are today 

also applied extensively in the field of environmental protection for example in 'cradle to grave' types of analysis. 

The application of this type of economic analysis ought to be an integrated part of the evaluation of any building 

project that gives a multitude of choices. This may be during the process or in the selection of one among several 

design proposals. In the assessment of consequences of change in technologies or in building standards the analysis 

should be essential due to its widespread implications. It is however not simple to do this because, projects are not 

only about cost and measurable benefit, as energy conservation often is. Typically the benefits are not easy to 

measure or agree on because, they normally include non measurable values of performance and quality, cost in use, 

risks due to difficult construction conditions, institutional obstacles, etc. 

4.2 Value Engineering and Value Analysis 

The Commission made quite an effort to study and distribute Value Engineering (VE) and Value Analysis (VA) 

techniques IDiepeveen in 10. Vol.V.1 The essential feature of VEIVA is that it sets out from the performances of 

products or buildings that they have to fulfil and generates alternatives to this end. By means of analysing the 

functions of the product it facilitates the importance of the functions according to the weights (values) allocated to 

them. It then examines the costs of these functions with the aim of selecting the most valuable set of functions 

according to a valuelcost comparison. Actually it may be done in a way that the results come out with 'shadow 

prices' for the selected qualities IPedersen 1980 in 10.Vol.II.I. These methods are mainly used between contractor 

and suppliers while innovating products. Through VE the contracting parties set targets for expected prices and costs 

for a new product. The direct production costs are identified in view of the product specifications as to quality, 

durability and design. The detailed cost information needed in the process has also become known as Open Book 

Accounting. This has proved to be an efficient method to achieve cost reductions and quality improvements simul- 

taneously. 

The VA method is different in that it does not create a process over time but is a method to assess performancelcost 

ratios for projects and by that give a means to award a project among several proposals. The W55 Commission 

carried out an international survey on the application of VENA in construction practice in the seventies ISzoke and 

Dandri 1980 in 10. Vol.II.1. The study revealed that these methods were not applied often in the building sector. 



Serious obstacles mainly caused by the fragmented structure of the building sector hindered the distribution of the 

methods in practice. The study also revealed that in  house application of the method was common in some countries 

as Canada, USA and Japan /see Baba 1987 in 8. Vol.A/. Looking back with our present knowledge the Commission 

should have carried on with encouraging the application of the methods in the building sector because VE/VA today 

are regarded as powerful wheels in the innovation process in industries and in assessment of bids in international 

tendering. 

4.3 Economic evaluation in design 

The economic assessment of design has attracted much interest in the W55. The first International Symposium had 

the title "Assessing the Economics of Buildings" 11 11. The papers included analysis of the basic cost factors in 

design such as cost/function indexes, arealfunction ratios, geometric cost ratio, cost per functional-area or gross- 

floor-area for various types of measurable functions or buildings, use-value-index, efficiency index, etc. The idea 

of total cost was also in focus in the presentations including the effects of change in prices and in interest rate. The 

use of cost assessment was, and still is, to give the client, the designers and the contractors' possibilities to assess 

the cost of design proposals as early in the process as possible and eventually offer some comparative or optimising 

features. 

The research in the field went on with more refined methods on cost assessment and computer programmes to 

handle cost assessment. Many cost accounting models and programmes were developed at this stage. Typically they 

were founded on a detailed break down of all parts of building to which it was possible to attach cost. That can be 

done in many ways according to the building model applied and the types of bills of quantities and quantity 

surveying is widely applied in the construction process, often as the only cost assessment method needed. The 

disadvantages of bills of quantities are that a scheme design is needed to account for the quantities and no 

optimisation or even comparisons between more design proposals are performed. Furthermore costs, prices and 

values are not well defined units in competitive building markets. The need to develop new methods and models 

was obvious. The efforts were directed towards more precise assessment of cost at an early stage in the design 

process, and to optimise the design in the briefing stage, for the outline proposal and for the detail design. The cost 

models may be classified in four types: Bills of quantities; simulating models; statistical based models; knowledge 

based models (that include values based on opinions). 

'Building design optimisation' was actually the same title of keynote papers to both the 4th and 5th international 

symposia /Alan Wilson 1987 in 8 .  Keynote//J.R.Kelly 1990 in 7. Vol. 21. The conclusions in the 1987 Keynote are 

however not optimistic. The question is not how to optimise but what to optimise. Thus, although an optimum 

solution based upon a specified economic optimality criterion can be obtained, how can one ever prove that some 

greater benefit has not been forgone elsewhere? An optimal building is an unrealistic ideal! Fortunately the 

conclusion from the 1990 symposium was a bit more optimistic. It says that optimal design is achieved when the 



client receives a building that is visually sympathetic in terms of internal and external environment, suits the 

intended function and is economical in terms of its demands for costly resources. It is hypothesised that this 

subjective criterium can be achieved in a sub-optimal context by measuring the extent to which an idea can be 

improved upon. 

To interpret the various views on optimality I think it is necessary to understand that economics is a relative science 

in that it cannot give absolute answers. By making comparisons - sometimes very sublimely carried out indeed - 

it may be possible to find feasible solutions for sorting out uneconomic proposals by the criteria that either you can 

get better or more for the same cost, or you can get the same thing for less cost. To select the best design solution 

among more feasible ones can only be done if you can specify your utility values in a manageable way. Most 

designers will run into difficulties with such a requirement especially concerning future values, but still the process 

may help you the reach optimal design and satisfaction. Notice that values are relative as well. Values do change 

during time. To be a bit philosophical I think that changing values may be the driving wheel for economic 

development. For now however building and design economics may save you money and give you better per- 

formance of buildings. 

4.4 Productivity and efficiency in construction 

An important experience from other industries is that improvement in productivity and quality simultaneously is 

an efficient way to promote business opportunities. Productivity is a widely used and not always well defined term. 

Productivity is a measure of the value of output (quantity units multiplied by price) related to the amount of labour 

and capital applied in the production and in the process. In construction, however, the actors often prefer the broader 

term efficiency of the production and the process. It differs by not including the valuation but only the quantity of 

construction output, and that more emphasis is laid on the use of man hour per quantity of construction. Fortunately 

for the building economists the value and quality of construction works are normally closely related. Consequently 

quality management is an important means to attain the attractive combination of improving productivity and quality 

simultaneously and continuously, a feature that has been a leading star in the best innovative and competitive 

industries for several decades. 

One means to improve productivity and quality is cost and performance bench marking that is a major subject for 

this seminar. The term is often used to set defined targets for a firm concerning competitiveness and comparing 

these with others. It may be benchmarks for international or interindustrial comparisons, it may be comparisons with 

special selected competitors or internal comparisons between identical processes. To day the effort to improve 

construction is focusing on the organisation of the construction process not at least in the planning and design stages 

and in stressing the obstacles due to the fragmented structure of the industry. The need is pressing, however, for 

information systems for detailed benchmarks, yardsticks, bills of quantities, open book accounting, etc. to do 



relevant comparisons at all levels in the construction process where optimising and comparison may be an 

opportunity. 

This line of research has been in the centre of the research work in W55 since its start. For examples see 

ILemessany, Urien, 1980, in I O.Vol.V.1. The research object has had many titles and it includes hundreds of con- 

cepts and definitions that may together be termed productivity and efficiency. One requirement for application in 

practice is however that one must have something to measure and to compare. Most of us have the experience that 

in construction it is not a simple matter to keep apart the concepts and registration of cost, price, value and quality 

irrespective of we are working in an economic regime in construction of market or of regulated economy. Another 

requirement is that useful information system must be available. 

5. Information systems applied in the assessment of buildings and the built environment 

The construction process and thus building economics is a subject area which has been useful for exploiting the 

advances in information systems and information technology IT. The number and complexity of products, the 

fragmented structure of the industry and the increasing demand for documentation makes IT attractive in 

construction and project design and for building economists. The heart of building economy is estimating and 

forecasting, not only at the design and project level, but also at the company and industry level as mentioned above. 

From the start of W55 the IT systems for bills of quantities, forecasting and simulation have been presented at all 

international symposia and annual meetings. 

Some titles of presented papers at W55 Symposia and meetings may illustrate the development in computerised 

models in building economics starting with the still viable: The CBC System and Sub-systems IBindslev 1974 in 

1 I/. Life Cycle Planning and Budgeting Model (LCPBM) 

IOrshan 1980 in 10. Vol.11. SYRE - A System of Building Economics ISoderberg 1984 in 9. Vo1.31. A rate data bank 

for the cost estimating of a building IGosselin 1987 in 8. Vol.B/. Expert systems after the hype is over /Brandon 

1990 in 7. Vol21. Economic selection in building ISalokangas in 51. Cost Lab for Building Economics and Manage- 

ment IKiiras 1993 in 4.Vo1.61. The Selection of Building Price Forecasting Models /Fortune and Hinks 1996 in 1. 

Vol. 111. 

5.1 Knowledge based information systems 

Still however, compared with other industries in society, information technology is not used very extensively in 

the building sector. IT largely exists today in isolated areas within the company as CAD, accounting, etc. Although 

huge efforts have been made to produce comprehensive IT systems for construction firms, such IT systems inclusive 

integration of processes, knowledge and information management are only implemented to a limited degree. Most 



notable, concerning application in the industry, is in my view, the knowledge based systems supported by the RICS, 

UK, as reported in /Brandon 1993 in 4. Vo1.71. 

The breakthrough for IT or more advanced A1 (artificial intelligence) systems has really not yet come to Construc- 

tion. In other industries the application of computer aided or integrated design and manufacturing has been a 

requisite for survival but it is not yet so in construction. One economic reason may be similar to the causes for the 

slow penetration and low degree of industrialisation of construction components. It is because it has not been shown 

to be competitive for one or a few buildings but that companies must rely on rather stable and long term marketing 

possibilities which is not the typical conditions for the building market. 

5.2 Computer integrated construction 

The challenge for researchers may be to design a computer integrated construction (CIC) platform. However the 

many aspects of building do mean different things to various partners in a building process so the long term strategy 

for an integrated information platform also challenges the traditional division of work and in this way may be a 

threat for many actors of the present generation in the industry. Therefore, the perspective for building economics 

and research should be to establish a framework for a building model. It should be coordinated with development 

in other sectors and especially with international achievements to make common means and standards to generate 

electronic data exchange. Within such a framework each company can establish its own models simplified to their 

needs. The contributions froin W55 to such an achievement could be to provide for adequate estimations, forecasts 

and evaluation of cost and environmental consequences of resource management /see Yashiro 1993 in 4.Vo1.41. 

5.3 Information technology and the organisation of construction 

The on-going development in information systems is of vital interest for the assessment of building cost and 

qualities, and for the management of planning and construction projects. The W55 promotes data-support 

knowledge-based systems, computer-aided cost and quality assessment and the development of data bases for 

environmental and economic assessment. These research activities are expected to improve continuously the produc- 

tivity and quality of professional work, and not least to give firms improved knowledge and means for strategic 

planning for the future. It is the combination of integrated information systems with the organisational structure and 

a way of collaboration that is the serious problem to be dealt with in the effort to improve construction by means 

of IT. 



6. The platform for the future work of W55 

6.1 The foundation is the members of the Commission 

The members of W55 represent several fields of science. Some have an education as economists and some are 

architects by education. Most members I think have a background in technical research covering either construction 

or information technology. The interdisciplinary composition of the members education has influenced the work 

in the Colnmission considerably in the way that when selecting the objectives of work these have had to be attrac- 

tive for most members. The Commission has become rather global since 1970s. To day the members of the Com- 

mission are representing about 90 university institutes, 30 other research and information institutions and about 10 

companies. To agree on objectives of work has always been a delicate balance between many varied interests. The 

Comn~ission works however by the contribution of its members. The programme for the international symposia and 

the annual meetings that in the 1990's were extended to workshops are typically composed of the research work that 

members have in preparation and are ready to introduce or publish. Formerly the requirements for papers and 

presentations were rather informal but today the Commission has adopted procedures for accepting and presenting 

papers at the meetings. The results of this restricted procedure is that the papers presented to the Commission are 

of improved research quality and that the hosts for the meetings are able to publish a reviewed proceeding from the 

annual meetings. 

6.2 Perspectives 

In its future work I shall recommend the Commission to develop and refine the present combination of research. 

That is research both in: The perspectives for the construction ilidustry world wide; the research in planning and 

design assessment methods for projects and buildings as well as research in the data and information systems that 

support the strategic and planning issues of construction. I know quite well that this composite of building research 

may be considered as sophisticated and mainly of interest for the professional organisations. However the commu- 

nity and organisations also need correct, relevant, truthful, sober and critical research in this composite research area 

between technical and econolnic science and architecture in the construction industry. Furthermore international 

collaboration in this field produces benefits due to the efficient information on international development in 

construction and the easy access to a world wide network of researcher working in the specialised field of building 

economics. The present and future research needs of the Commission W55 may be formulated as follows. 

6.3 Future research objectives 

The international development in construction activities worldwide should be dealt with by including economic 

analys~s of construction activities world wide combined with professionals evaluation of the characteristics of 

construction activities in various regions. 



Assessment methods for investment, productivity, innovation and environmental effects need to be refined and 

made suitable for international comparison for the practice to judge the opportunities for improvement and develop- 

ment. Publishing of reports and recommendations on best practice regarding economic assessment and evaluation 

methods of buildings and the built environment should be aimed at. 

Research is also needed to refine assessment methods for qualities and values for international application based 

on costumers response and relative values for various properties of buildings and the environment. 

Data support and information systems for building economics and management is recommended as a research area. 

Results of research in many specialised fields may be known to and applied more intensive by practice when 

included in data-support systems that are easily accessible for practice and that are continuously upgraded. 

It is stressed however that it is the research works of the members that make up the objectives of work and do fill 

the programme for the meetings and international symposium of CIB W55 in the coming years. 

ANNEX 1. 

7. Objectives and scope for the CIB W55 on Building Economics 

To collect, study, evaluate, disseminate, exchange and discuss the following issues and related items: 

7.1 * Economic aspects of resource management and competitiveness, financing, innovation and 

development of the construction sector at the international, macro and micro levels 

- concerning the design and construction process, the construction activities, renewal and use of buildings, the 

built environment, the international building markets, and comparative conditions regarding financing, subsidizing 

schemes and user cost regulations. 

7.2 * Economic evaluation in design and construction planning 

- including quality, productivity and efficiency assessment, design optimization and methods 

applied in the construction field such as cost-benefit, risk analysis, life-cycle costing, value 

engineering, cost and price indexes, comparative studies and forecasting methods. 

7.3 * Information systems applied in the assessment of buildings, construction and the environ- 

ment 

- considering knowledge based systems, computer-aided cost modelling systems for monitoring 

cost, quality and risk factors, and the development of economic data bases. 
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ABSTRACT 

The paper presents an economic model for the feasibilit! anal! sis of robots cruplo! rncnt on building sites. 

The parameters of the illode1 depend on the nature of the robot. the nature of the roboti~ed task. the nature of 

the t?pical building pro-ject and the mode of emplo! nlent of the robot. Four generic t!pes of building robots 

are analyzed uith the aid of the model using data published b! de~elopers and users of building robots to 

date. General conclusions are presented n ith respect to the feasibilit? of emplo? mcnt of four types of robots 

on building sites: (1 )  exterior facades finishing robots. (2) floor finishing robots. (3) multipurpose interior 

finishing robots. and (1) crane-based assembling-handling robots. 

Keywords: Building Economics. Construction. Automation. Robotics 

1. Introduction 

The economic feasibility of robotizing construction work depends on the associated costs and benefits. 

ivhen compared with conventional constniction methods (Warszanski. 1990). It can be examined at different 

le\.els - macro and micro - from i.arious perspectives, e.g that of the natiorlal econorny, the construction 

industq~. the individual contractor. the ouner. or the end-user. The focus of this paper is nlainly on the direct 



costs and benefits to the constructor. who has to make the decision whether to invest in a specific robotic 

system to replace a conventional method. 

The objecth-e of the paper is to present a methodology and an economic model for analyzing the feasibility 

of robots employment in building construction. and to draw some general conclusions with respect to the 

major robot types. that hare been developed and tested to date in building construction. 

Conclusions are drawn with respect to four types of robots. in order to indicate the feasibility range of their 

application. 

2. Basic Components of the Model 

The model takes into account almost all cost and benefit components vis-a-vis conventional construction 

methods. The parameters of the model are dependent on: 

the nature of the robot 

the nature of its task 

the nature of the building project 

the mode of en~ployn~ent 

The robot parameters include the cost of capital investments in its purchase. the operating expenses, the 

maintenance eqenses. the costs of transfers between building sites, behveen locations on site. and between 

\\ ork stations. 

The task parameters include the productivity (units of output per hour) of the robot and of its h u n ~ ~ m  

operators for the particular task. the energy cost for operating the robot. the difference (plus or minus) in the 

cost of materials. and the cost of auxiliaq labor per work unit.. 

The project parameters include the quantity of work on an average site. on a t~pical  floor level and at an 

average n ork station. 

The employment parameters in\'ol\.e. on the one hand, the rate of utilization of the robot in terms of ~vorking 

hours per year. and - on the other hand - thc cost of labor - skilled and non-skilled - that it saves during its 

operating hours. 

The benefit side of roboti~ed constructior~ includes "tangible" benefits and "intangible" benefits. The 

tangible benefits are primarily the cost of labor saved due to the robot's' employment. and can be readily 



evaluated in direct money tenns. The "intangible" benefits are more difficult to measure ob-jectively in 

money terns. and can be mainly used to augment the conclusions of the objective numerical analysis. 

Various studies [ e.g. (Arai. 1993), (E\.erett. 1995). (Rosenfeld. l995), (Shintani and Yamamoto. 1993.. 

(Tanijiri et al., 1996). (Warszawski. 1990). (Warszawski and Navon. 1996)l reveal that expectations from 

robot employment - both in manufacturing and in construction - include such aspects as impro\.cd nork 

environment. faster con~pletion of the task. better qualit! of product, elimination of dangerous jobs. and 

raising the morale of employees. 

Although these factors cannot be readily measured in economic tenns in a similar manner to labor sa\-ings. 

their indirect econon~ic and inanagerial in~plications are \-ery important. These implications and their effect 

on decision-makers in construction have not been included in this study. 

The model is presented first in its general fonn, and subsequently it is simplified b! introducing some 

practical assunlptions pertaining to the nature of the building pro-jccts in which the robot is employed. 

Numerical data are applied \\ ith respect to four major robot t?pes: exterior facade finishers. horizontal slab 

finishers. multitask building interior finishers. and large handling-assembling robots. The anal!rsis is based 

on data obtained from actual de\.elopment and application cases. 

3. The Cost of Robotized Work Per Unit of Output 

The total cost (for the constructor) of robotizing a specific task. is composed of the direct cost of the 

robotized work as well as indirect costs such as: the capital cost of the robotized s!-stem. the cost of 

mainte~lance of the robot and the cost of the robot's setup and transfers. The total cost of robotized \fork per 

unit. c,. can be calculated from: 

with: 

C, - capital cost of the robotized system. per >ear .  as calculated with eq. (2). 

Qh - output of the robotized system. per hour. 

H - number of hours the robot is employed per year. 



C,, - direct cost of the robot per hour - as calculated with eq. (3). 

c, - cost of transfers per unit - as calculated with eq. (1). 

C,, - annual maintenance cost. which is often calculated as a percentage of the initial in\restment. It is 

composed of both routine - daily, w.eekly. etc. - maintenance of the robot. as well as the cost of its 

malfunction and repairs. The latter also includes indirect losses of income during these periods. 

These partial costs ~vill be further detailed in the following sections 

3.1 The equivalent annual capital cost of the robot 

The annual capital cost, C, .of the robotic s? stem includes the depreciation of the robot and the interest on 

the investment in its purchase Landlor de\.elopn~ent. The first component of eq. (2) distributes the net 

in~.estment in the robotic system (purchase and development minus its terminal value) over n years of its 

cconomic life. The second componeilt of eq. (2) reflects the annual loss of interest on L. 

P - int.estn~ent in the robotized systenz (the robot and its peripheral devices). 

L - tern~inal value of the system at the end of its econo~nic life. 

11 - the eco~lonlic life span of the robot (in 1 ears) 

pr(i,n) = (I+i)" / [(l-ti)" - I ]  - capital recoven factor ~ \ ~ e r  a period of n years with annual interest rate I.  

3.2 The direct cost per hour of operation 

The direct cost. Cd . ~~ar-ying directl! with the number of work hours. includes the cost of the robot's 

operator. the expenses of the operation of the robot. the difference (plus or minus) in the cost of materials, 

and the cost of auxiliary labor nece s sq  to assist the robotized work. The auxiliary labor may be needed for 



materials handling or for complementing the robotic work in places which are i~~accessible to the robot. or in 

partial tasks that are ill-structured for robotic work. 

The direct cost of roboti~cd \~.ork per hour. CCi. ccm be calculated from: 

( 3  Cd = C" + C, + c,,lt *Qh + c,*QI, 

v.ith: 

C, - the cost of an operator (or a skilled cvorker) per hour. It depends on the mode of control of the robot: 

\\,heher an operator is needed continuously for each robot or jtrhether the operator can perform 

sin~ultancously additional tasks. such as a~xi1i~a-y nork or ol~erseeing the work of other robots. In the latter 

case this cost component should be reduced accordingl! 

C, - he cost. per hour. of electricity. fuel. or other resources. needed for the operation of the robot. 

c,,, - the difference (plus or minus) in the cost of materials. per work unit. 

c, - the cost of auxiliary labor per ~vork unit. The auxiliary labor may be needed to handle materials or 

con~plement the robot's work. 

3.3 The transfer and setup costs per unit of output 

The cost of setup and transfers includes the setup on site. thc transfer of the robot betn.een different 

locations (floors. buildings) and - in the case of a robot emplo?ed from temporary n.orkstations - the 

traveling of the robot between stations at each location. The setup cost of a robot on site includes the hauling 

of the robot to and from the site. its installation on site. and the cost of all organi~ational adaptations that are 

needed to enable robotized work on site. 

The setup and transfer cost of the robot per work unit, c, . can be calculated from these components as 

follo\vs: 

C, - the average setup cost of the robot on site (allocated to the particular work). 



Q, - the number of work units of the robot on an average site. 

C, - the average transfer cost of the robot between locations (floors and/or buildings) on site. 

Q, - the average number of work units for the robot per location. 

C ,  - the average traveling cost of the robot between workstations. This cost component applies onlv to 

robots that operate from temporary workstations. 

Q,.- the average number of work units per workstation. 

3.4 Summary of the cost components 

The systematic formulation of the various cost components highlights the fact that the cost of robotized 

construction depends on four types of parameters: 

a. Parameters dependent on the nature of the robotized system: 

These include the initial in\.estment. the operation and the n~aintenance costs of the robot. and its setup and 

transfer costs on site. A "user friendlj." robotized system is inexpensi\.e to operate, easy to maintain, and - 

most important - can. due to its ~~ersatility. be employed for many hours per year. High versatility. means - 
adaptabilit? of the robot to different works and to different configurations of buildings. 

b. Parameters dependent on the nature of task to be done: 

These include the robot's productivity (in terms of the number of work units produced per hour), the 

technological adaptations necessary for robotized perfom~ance of the task. and the auxiliary work needed. 

The more "robot friendly" is the task. the higher will be its productivity (output per hour) in the performance 

of the task. and the lower will be the cost of adaptation and auxiliary labor. 

c. Parameters dependent on the nature of the construction projects: 

These include the amount of work on site that is suitable to robotized construction. and the dispersion of 

work among different locations and work stations. The lattei may largely depend on the accessibility of 



spaces within the building to the robot. A "robot friendly" project is characterized by large amount of work 

suitable for the robot. few and easy transfers and minimal adaptation cost on site. 

d. Parameters dependent on employment characteristics of the robot. 

This last parameter is very important. considering the high fixed cost of the robot. which has to be 

distributed overthe expected number of its ~ o r k  hours. and thence - of its output units. A "robot friendly" 

construction market is one that can consume many robot-hours per year. thus efficiently utilizing the capital 

in1,estment and save labor costs on more units of work. 

The cost of robotized construction. calculated in this manner. has to be evaluated in light of the benefits of 

rob0 tized construction. 

4. Cost-Benefit Breakeven Calculations 

In order to dran some general conclusions, and make the analysis applicable to different types of robots and 

different hpes of building sites. some sin~plifications can be introduced. It was found that in most cases the 

highest transfer cost component (see eq. 4) is the transfer cost between sites. nhile the costs of transfer 

between locations on the same site and betkleen workstations are less significant. and can actuall? be 

included in the calculations of the robot's output per hour. The transfer cost was therefore assumed here. for 

simplicity, as directly proportional to the number of transfers between sites. Also for simplicity ( ~ i t h o u t  

changing significantly the results of the calculations) the salvage value of the robot. L. was assumed to be 

zero, and an average labor wage rate for all types of workers was assumed. 

These assumptions enable to calculate. fairly convenientl!. the approximate maximum feasible inkvestment 

in a robot under different circumstances pertaining to: average labor wages, the number of the robot's work 

hours per ),ear. the size of an average project and the cost per transfer of the robot. The nlaximum feasible 

investment is calculated b! eq. (5). as a break-even value, V. of the investment for which the benefits, B, 

from the use of the robot co\.er its cost. C: 

(5) C = V*pr(i.n) + Chl + (H/h)*C, + H*C, = H*k*CL + 1 = B 

with : 

V - the break-even value of the robot, i.e. the masimum economically feasible investment in the robot. 

pr(i.11) - the capital recovery factor of the investment over a period of n years with interest rate i. 



C,, - cost of iiiaintcnaice per >car. 

H - total nuiiiber of working liours of the robot per year. 

11 - average number of the robot-s vorking liours per site. 

C, - a\.eragc setup a i d  transfer cost per site (all types of transfcrs). 

C, - operating cost of tlie robot per liour. 

k - number of labor liours sa\.ed per each hour of robotized n.ork. 

C, - arerage labor cost per liour. 

I - intangible gains of robotized \s ork per !car. 

The feasibility of in\.estment i11 robotized systems. \\-ill be determined in the nest section. considering 

(initiall~ ) only the tangible benefits of labor sa\.ings. 

The ma-jor variables that determine the ccononiic feasibility of tlie eniploynient of a gi\.en robot can be seen 

from eq. ( 5 ) .  They are: sa\ ings in labor cost due to the robot's \vork (the number of manual n.ork hours 

saved per cacli robot's hour illliltiplicd by the workers' a\ erage \vage per hour). the number of robot's 

employnlent hours per ?ear. and the transfer cost of the robot (number of sites per year multiplied b!. the 

arerage transfer cost per site). 

The masinium feasible investment. V (the break-even \.slue of h e  robot). calculated \sith eq. ( 5 )  for 

different values of these variables. are shown in Table 1. assuming the following parameter \.alucs: 

C, = $500 per site 

C, = $2 (for energy) per liour 

C,, = 0.1 V + 0.O6H*CI, (i.e. the annual espcnses for labor. parts and downtime during repairs are estimated 

at 10% of the initial in~estnient. 11 hilc the routine maintenance is assumed to be equivalent to the cost of 6% 

of the \vorking hours of the robot per year. 



i = 706 per \.ear 

II = 5 !ears 

C,, = $ 2 5  per hour. 

Thc \ alues in Table 1 are consen a t i ~  e: the! do not take into account the intangible bcncfits of roboti~ation 

Table 1 : Tangible value of the robot to the user for different labor savings. 

5. Application of the Model to Four Generic Types of Robots 

The model m i l l  not\ be applied Lo elaminc the ccononlic feasibility of four generic t!pes of robots for 

building construction: the trertical (exterior wall painting), Ihe horizontal (floor le~eling).  the interior 

finishing (multipurpose) and the assei~~bling/l~andling robotic s\ stems. 



The productivity data for the first two types of robots were taken from information supplied by their 

developers. The information about productivity and cost of the interior finishing robot and the assembling- 

handling robot has been primarily accumulated during their development by the authors, and supplemented 

by other related sources. 

5.1 Exterior finishing robo l  

The reported average output of a vertical finisher is c. 45-50 m2 per how (70- 150 m2 per hour per coat) and 

it saves 2-3 workers [(Dailey et al.. 1993). (Tokioka et al.. 1989)). Let us assume that an average building in 

which it \\rill be employed is 8 stories high. has a floor area of 1.000 m2 per story. and its gross facade area is 

c. 3.200 m2 (40% of the floor area). Let us further assume that such a building requires 3 coats of paint at an 

average rate of 130-150 m2 per how per coat, that will add-up to 64-71 robot hours per building. To be 

employed 1,500 work hours per year, the robot must paint each year about 20-24 buildings of this size. Lf 

such magnitude of work can be assured to the robot over its life-cycle. its worth to the user (see Table 1). at 

labor cost of $25 per hour, is about $171,000 (for saving 2 workers). 

Assuming only one third of this utilizalion - i.e. 500 hours per year on 6-10 buildings - it still worth $55.000 

- $60.000 to the user. One must. however, take into account that a supply of 10 buildings of this size per year 

- suitable for robot employn~ent - may not be easy. unless appropriate building methods. that will make them 

"robot friendly", are adopted. 

We will now proceed to examine the sensitivity of the robot's value to changes in the transfer cost and the 

labor rate: Should the transfer cost amount to $1,000 per transfer (instead of $500 as assumed). the value of 

the robot for 1,500 hours of work per year (and 20-25 transfers) will drop to $145.000, and in the case of 500 

hours (and 5-10 transfers) - to $45.000 - $50,000. This is still within the econonlic feasibility range 

The feasible investment is even more sensitive to the cost of labor: For average labor rate of $12.5 per hour 

(instead of $25) the value of the robot at 1.500 hours of utilization and 20-25 transfers will be $68,000, and 

at 500 hours and 6-10 transfers - only $20.000. If the robot can be improved to replace more workers, as 

envisioned [@ailey et al., 1993), (Gokvu et al., 1996). (Miyajima et al., 1996), (Terauchi et al., 1996)], then its 

economic feasibility will substantially improve, even with low labor rates. According to one detailed report 

(Takeno et al.. 1989). one robot plus 3 workers should be able to perform equally to a team of 8 men. 



5.2 Horizontal finishing robots 

The output of advanced models of horizontal finishers is c. 500 m'per hour. and one robot can save the labor 

of 3 workers [e.g. (Kobayashi et al.. 1996). (Neil et al.. 1993)]. Let us assume again that an average building 

in which it will be employed is. as in the former case. 8 stories high with a gross area of 8.000 m2. Such a 

building can utilize onlv 16 robot hours. In order to accumulate 1,500 working hours. the robot will have to 

complete 90 such buildings per year, which will probably be too much. considering the transfer and setup time 

needed (the robot will have to be brought to the site for each floor separately). It is, perhaps. more 

conceivable that the robot will be employed 500 hours and complete 20-40 buildings per year (which will still 

require 150-300 transfers). In this case it will worth to the user - assuming at least $1,000 per site for 8 

transfers - merelv $10.000 to $30,000, which will make it certainly non-feasible. 

The situation will improve if the robot is employed in very large buildings with daily casts of large floor 

segments, or where the pace of progress of floor casting is one per 1-2 working days. In such cases the robot 

can be left on site between castings. and assuming then an average transfer cost per site of $500. its value 

uill increase to $50.000 - $60,000. which is within the feasibility range. Howe\.er, a stable supply of 250.000 

m' of n-ork for the robot in such buildings per year will still require prodigious marketing and logistic efforts. 

It results that the emp10)~ment of this robot type uill be feasible in buildings (or other concrete structures) 

with very large floor areas - in the range of 5,000 - 10,000 m- each. 

The enlployment of the robot will certainly be non-feasible if the cost of labor is $ I 2  per hour. 



5.3 Interior Finishing Robots 

The development of TAMIR - Technion Autonomous Multipurpose Interior Robot [(Rosenfeld et al., 1993), 

(Warszawski and Rosenfeld, 1993)- (Warszawski and Rosenfeld, 1994)l demonstrated that a variety of 

interior finishing tasks. such as building of walls, setting tiles, painting and plastering can be performed by 

the same robot, by changing its end-effectors and peripheral systems. The firsthand experience of the authors 

with this development from concept to a full-size prototype, and the intensive technological, organizational 

and economic research that accompanied it, led them to the conclusion that it will be more advantageous 

under the prevailing conditions to have the robot act under close human supervision, with fairly frequent 

interventions for assisting the robot in transfers, calibrations, materials supply etc.. Nevertheless, despite the 

constant presence of an operator, the robot can still save the wages of 2 - 4 additional workers. Moreover, it 

will have sufficient work to do for more than an entire year in even one single building of the 

aforementioned size (total floor area of 8,000 m'. Each square-meter of the building interior may consume 

on average 0.2 to 0.5 robot-hours, depending on a number of variables (the sophistication level of the robotic 

system. the conlplesity of the building. the nature of the applications. the adaptability of the materials to 

robotized work. etc.). Thus, the previously used model-building, with its 8.000 m2 of floor area. may utilize 

1.600 to 4.000 robot-hours per year; namely - it can enlploy at least one "full-time-robot", and perhaps - 

more than one, and/or more than for a single shift per dal . 

For the multipurpose interior robot. the authors can estimate that its value to the user (see Table 1) will be at 

the minimum c. $100,000, if it will be employed only 1,000 hours per year and save the wages of 1.5 

workers. to over $300.000 if it will be employed for 1,500 hours per year and save the wages of 3 workers. 

Both estimates used $25 per hour as labor cost. 

For lower labor cost. however. the value of the robot to the user decreases almost proportionally. The 

purchase price of a commercial robot, like TAMIR,, (with tools and peripheral systems) is estimated by the 

authors within the range of $100,000 - $150,000. Hence from the user's perspective, it is already 

economically feasible in countries with high wages, and will gradually become more-and-more feasible in 

countries with lower wages, as its efficiency and reliability improve, and its cost - reduced. The multipurpose 

(versus the single-purpose) approach has gained strength in recent R&D efforts by many teams [e.g. (Berlin. 

1994). (Bock and Leyh. 1995). (Drees et al.. 1991). (Miyanla et al.. 1994). (Pritchow et al.. 1994)l. 

One must, however, take into account that the efficient employment of an interior finishing robot, with the 

envisioned economic benefits, requires considerable adaptations of the building design to the constraints of 

robotized work. This requires, among other measures, due attention to small work spaces, to entries and 

passages of sufficient width. proper sequencing of the construction activities and carefully planned supply of 

work materials. 



5.4 Assembling-handling robot 

A special case in this respect is the handling - assembling robot. Unlike the other robot types - this one does 

not replace manual labor but actually improves the performance of a conventional mechanized crane by 

introducing automated control systems. and stabilizing devices (Rosenfeld and Berkovitz, 1989). The usual 

work-cycle of such robotlcrane system will consist of picking the load at its origin. moving it to its 

designated location. discharging it, and - moving back to the same. or to a different origin to pick-up a new 

load. The first feature assists the robot/crane in bringing the load to its precise location and saves the usual 

"trial and error" movements of the operator. The other, saves the swinging of the load at the location before 

its actual deposition as required. Both types of savings are repeated twice for each work cycle - at the origin 

,and the destination. 

Each feature - the automated system and the stabilizing device has its own particular cost and its own 

economic contribution in shortening the robot/crane's 13,ork cvcle. The cost of each device can be assessed 

once its technological nature is determined. The benefit is more difficult to assess: At the minimum - when 

the continuous work of the robot/crane is not critical to the work progress - the value of the time saved is 

merely the direct cost of the wages of the opemtor and of the energy. At the maximum - when the pace of the 

robotlcrane is critical for work progress on site - the savings may amount to the total cost of the system - the 

costs of capital, interest. maintenance. wages of the teams served by the crane etc.. as explained before. 

Based on measurements (Rosenfeld, 1995). the total time savings may amount to 30% of the work cycle. and 

save the wages of 1-5 workers during its operating time. 

The direct value of the automatic feature, according to these estimates. varies between a minimum of 

$24,000 for a non-busy crane with 500 operating hours per year, that saves the wage of a single worker: 

through medium savings of c. $128.000 for a crane that operates 1,000 hours per year, and saves the wages 

of 2 workers: up to c. $300.000 for a busy crane that operates 1.500 hours per year, and saves the wages of 5 

workers. In all these cases - 5 transfers per year were assumed. In the two latter - the added indirect (yet 

quantifiable in money terms) value may become very substantial due to considerable shortening of the total 

project duration. 

6. Conclusions 

The paper presented a model for the micro-economic analysis of robots employment on building sites. and 

applied it to four types of building robots, using the available productivity data. which have been published 

to-date by their developers and users. The analysis referred to the cost of robot employment versus the 

economic benefit of the improved productivity in the particular tasks performed by the robot. The indirect - 
non-quantifiable benefits were not considered. 



The conclusions. drawn from the analysis, are as follows: 

a. Exterior wall Jinishing robots: It appears that the employment of an exterior painting robot will be 

economically feasible. provided that it will be employed at least 30% - 50% of its time (500 - 750 hours 

per year) on buildings of appropriate size and configuration. The supply of appropriate buildings may pose 

difficulties unless the robot is employed by a very large contractor or within a very efficient subcontracted 

exterior finishing service. 

b. Horizontal~oorJinishing robots: It appears that a robot in this category will be feasible only if it will be 

employed. continuously (allowing for the transfer down-time), in buildings erected at a very fast pace, or 

buildings with exceptionally large floor area on each level.. 

c. ,bfultipurpose interior Jinishing robots: This type of robot can be economically feasible if it will be 

employed about 60%-70% of its time. Its exqent of employment can be attained more easily than with the 

other robot types. due to its capacity to perform different types of building tasks. On the other hand, it 

requires buildings with carefully adapted design and construction planning. 

d. Assembling - handling robots: This type of robots - if they are based on automated control of existing 

mechanized equipment - has potentially the highest additional benefitfcost ratio. This is because of the 

comparatively low investment in the additional feature of automated or semi-automated control, which 

results. in turn. in considerable productivity savings. 

The analysis also revealed that the first three robot types have economic viability only at considerably high 

wage rates, that prevail in developed countries. They will not be economic at considerably lower wage rates. 

On the other hand - the automation of existing handling equipment, which is at the heart of the last robot 

type will be justified at almost any wage rate. 
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1. Introduction 

In a seminal paper presented at the 1990 CIB Conference on Building Economics, Ranko Bon wrote of 

the need for better data on the construction sector for those researchers concerned with construction 

economics on a global scale and expressed the view that: "The state of our knowledge about the 

construction sector is deplorable in light of its role in national and world economies. The data on 

construction activity is poor and erratic. This is true at both national and international levels. Among the 

economic sectors, it is least studied and understood." (Bon, 1990). 

His attempt to take an overview of of global trends in construction activities identified two major 

problems in dealing with international statistics: 

- The tremendous variety of statistical definitions and accounting procedures. 

- The problem of coverage. 

The problems encountered in international comparisons of the construction sector are well-documented 

and the large discrepancies between the data values of .the published statistics published by different 

bodies are still apparent today. 

This paper has three main objectives: 

a. To determine whether there has been much improvement in recent years in the usefulness of 

published statistical information available to construction macroeconornists at an international 

level. 

b. To explain how data from primary and secondary sources have been used in one particular 

research project to produce a viable study of the relationship between the construction sector 

and the macroeconomy in specific countries. 

c. To consider recent trends and projections in European construction globally, using available 

macroeconomic statis tics. 

These objectives are discussed, in turn, in ensuing sections. 



2. National Accounts - A basic database for the macroeconomist 

The National Accounts are the accounts of the nation's economy. In the U.K. they are compiled by the 

Office for National Statistics (ONS) according to international standards and record and describe 

economic activity in the U.K.. As such they are used to support the formulation and monitoring of 

economic policies. 

2. I The framework of the national accounts and gross domestic product 

The great wealth of data contained within the accounts represents a comprehensive national accounting 

framework. An understanding of this framework is crucial in any analysis of the figures. It helps to 

understand what information is available and how it has been put together, and in doing so reveals the 

different perspectives from which the figures can be viewed. 

However, before going on to describe the framework it is useful to consider briefly the economy as a 

whole and the measurement of total domestic activity, or gross domestic product (GDP). 

2.1 .I Economic activity: What production is included? 

As GDP is def ied as the sum of all economic activity taking place in UK territory it is important to be 

clear about what is defined as economic activity. In its widest sense it could cover all activities resulting 

in the production of goods or services and so encompass some activities whch are very difficult to 

measure (for example, minor building and repair work performed around the house by the householder). 

In practice, a production boundary - determined by international convention - is defined, inside which are 

all the economic activities taken to contribute to economic performance. These activities range from 

agriculture, construction and production through service producing activities , to the provision of health, 

education, public admistration and defence. 

In this approach the decision whether to include a particular activity takes into account the following: 

- does the activity produce a useful output? 

- is the product of the activity marketable and so have a market value? 

- if the product does not have a meaningful market value, can a meaningful market value be 

assigned? 

- would exclusion (or inclusion) of'the product of the activity make comparisons between countries 

or over time more meaningful? 



Some activities, not directly exchanged for money, but for which a market price can be estimated or 

imputed include; the provision of owner occupied housing (by the owner for their own use) and the non 

trading use of fixed assets owned by the government and by private non profit making bodies (for 

example, school buildings). For the record, the productive "domestic" activities of households are not 

included in GDP as estimation is so difficult; moreover inclusion by the U.K. alone would not help 

international comparisons. 

2.1.2 Measurement of GDP: The output approach 

The output approach looks at the contribution to production of each economic unit; that is the value of 

production less the value of the inputs used up in the production process. The sum of this value added, 

for all producers, is GDP. 

GDP measured by this approach is presented in seasonally adjusted index number form at constant prices. 

Although the input-output balance compilation allows the calculation of this measure at current prices, 

this information is only available for those years for which the balances are produced. 

In theory, value added at constant prices should be estimated by deflating separately the gross inputs and 

the gross outputs of each economic unit and then subtracting one from the other. But, because it is hard to 

get reliable information from companies which can make this calculation possible on a timely basis, a 

simple assumption is made: value added is assumed to be proportional to the output produced. 

As a result it is possible to say, broadly, if the volume of output increases by say 10 per cent, then inputs 

will increase by the same percentage and hence value added will also increase by 10 per cent. With this 

approach, which is valid in the short term, the data required is on the volume of output. This is often 

approximated (or proxied) by deflating the turnover or value of production. The commonly used proxies 

include the quantity of goods and services provided or employment (with adjustments made for 

production. The output indicators obtained for each industry are then expressed in index number form 

with base year (currently 1990) equal to 100. 

These output indicators are then combined (or weighed together) using the value added of each industrial 

sector in the base list established from the input-output balance. 

2.1.3 European Community definition of gross national product 

The Statistical Office of the European Community (EUROSTAT) uses a slightly different definition of 

GDP from that mentioned. EUROSTAT publications use the definition of GDP at market prices based on 

the European system of integrated accounts (ESA). This definition is also used for statistical returns to 

the United Nations ('LTN) and to the Organisation for Economic Cooperation and Development (OECD). 



2.2 Definitions of Construction Activity 

The United Nations in its Annual Yearbook of National Accounts draws concepts and definitions from 

the International Recommendations for Construction Statistics. Unfortunately, there are sometimes 

differences in underlying concepts and definitions for different countries. 

2.2.1 Scope and coverage 

Generally, the whole of construction activity consists of the following: 

- Construction industry proper: contract construction by general builders, civil engineers and 

special trade contractors; 

- Contract construction carried out for others by establishments or organisations classified to 

industries other than construction; 

- Own-account construction carried out by independent units of enterprises or other organisations 

not classified to the construction industry proper; 

- Own-account construction carried out by establishments or other organisations not classified to 

the construction industry, with no independent construction unit; 

- Own-account construction carried out by individuals. 

Data on construction authorized and completed cover, in principle, all construction activities in urban and 

rural areas and are derived from information collected by municipalities or other local authorities during 

the exercise of regulatory or controlling hnctions. In some cases, coverage is restricted to urban areas or 

major cities; in other instances, only to construction by private sector. Construction of a temporary nature 

is excluded from all series. 

2.3 Introduction of the new international system of accounts 

As in many other countries, the ONS is preparing for the introduction of the latest internationally agreed 

system of national accounts. The 1998 National Accounts (or Blue Book) will be the first edition to 

incorporate the recommendations of the UN System of National Accounts 1993 (SNA93) and the 

requirements of the European System of Accounts 1995 (ESA95), which is consistent with the SNA 93. 

Following the 1997 Blue Book , an ESA95 version of the accounts will be published in Autumn 1997, 

reworked to show as far as possible what the accounts would look llke on the new basis and in the new 

format. This will enable users to farniliarise themselves with the changes in the systems and to contribute 

to consultations with the ONS on the changes. 

2.3.1 Improvements in SNA 

A major revision of the United Nations System of National Accounts (SNA) in 1993 had taken almost two 

decades, beginning in 1975 as an updating, clarification and harmonisation of the 1968 SNA with other 
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international statistical systems. There were quite major changes in some areas but some of the 

inadequacies of the previous SNA were perpetuated. 

On the positive side, the question of consistency with the data collected by other international agencies 

was actively accepted. 

With respect to the question of whether the SNA will provide an adequate framework for analytic uses for 

data about the economy, it should be recognised that the SNA is both conceptually and statistically a set of 

aggregate accounts designed to be presented as tabulations. In a sense, .the SNA is a prisoner of the printed 

page and ~ u n c h  card mentality; it reflects both data needs and data technology characteristic of the past 50 

years. The revision has not been designed to take advantage of the recent development and anticipated 

future changes in both data needs and data technology. 

Considering the present analytical needs for detailed information about the economic system and the 

capabilities of modern computers, the national accounts should be constructed in a manner capable of 

integrating and accessing microdata bases derived from. admistrative sources and large samples. If the 

national accounts cannot provide efficient access to such detailed data, both business and governments will 

increasingly come to depend on private proprietary data bases,and the advantages of an overall integrated 

system will be lost. 

However, if a set of core accounts are used to record the transactions of enterprises, governments and 

households in the national accounts could be directly related to a wide variety of microdata bases referring 

to such entities and their transactions. Harmonisation of concepts used for the national accounts and 

microdata sources would be required, and the familiar problems of data reconciliation would need to be 

resolved. 

The SNA should be built around the task of integrating macro aggregates with the underlying microdata. 

From an analytical point of view such integration is essential if computational techniques such as 

microsimulation modeling utilising longitudinal data are to be related to macroeconomic analysis. 

3. A Study of the Relationship between the Construction Sector and the 

General Economy in Developing Countries 

Little published work appears to have been undertaken on the role of the construction sector in lesser 

developed countries, in which consistent economic growth has not been a feature. A recent project, 

undertaken at the University of Salford, was undertaken with the aim of analysing the the relationship 

between the construction sector and the general economy. The project has been concerned with the Sub- 

Saharan countries of Africa, particularly with two countries, Angola and Mozambique, with a turbulent 

political (and consequently economic) recent history. Results of the study are published elsewhere, but 

concern here is only with data sources and data usage.(Ruddock and Lopes. 1996). 

One aim of the research was to collect and coordinate data on Angola's and Mozambique's construction 

sectors. It has already been mentioned that data on the construction sector, though they appear twice in 

national accounts statistics (in terms of value-added and as a component of gross fixed capital formation), 



are less reliable compared to those of other sectors. Regarding developing countries, the situation tends to 

get worse in terms of the accuracy of data. 

3. I Statistical Sources for the study 

The main statistical sources used in the analysis were the Yearbook of National Account Statistics from 

the United Nations (1988 and 1994), World Development Report (World Bank. 199 1 and 1995), Afi-ican 

Development Indicators. Additional sources were drawn from secondary data collected in the fieldwork 

carried out in Angola and Mozambique. 

As data were drawn from various sources, there was not necessarily any great consistency between data, 

or their desegregation. It should also be noted that the United Nations is forbidden by protocol to revise 

data provided by the Statistical Offices of its member states, unllke the World Bank which is more free to 

make adjustments. Yet, the U.N. is the only one that publishes these data in a comparative format for all 

its members and according to the SNA conventions. 

The production approach of the SNA presents data on value-added of different sectors that make up a 

country's GDP, and the expenditure approach shows data on the components of GDP by expenditure. 

The indicators of the construction industry activity used for this analysis were construction value added 

(CVA) and gross fixed capital formation in construction (GFCFC). CVA is calculated the same way as in 

any other sector, but includes only the activities of the construction activity proper (for example it 

excludes the building materials industry which is accounted in the manufacturing sector). GFCFC is a 

component of a country's gross capital formation. It measures growth output in construction excluding 

maintenance and repair construction works which are accounted as current expenditures. The main 

indicator of economic activity used in this study is GDP per capita. It adjusts the growth in the economy 

with the growth in population. It is a better indicator of a country's welfare particularly in developing 

nations where the growth rate of population has been 

since the World War I1 twice as high as in developed economies. Thus, a country is experiencing a 

sustained economic growth in a given period when GDP per capita at the end of the period (measured in 

constant prices) does not fall back tot he level of the beginning of the period. Of course, this does not take 

in account annual fluctuations which characterise the development pattern of many developing 

economies. 

3.2 Method of Analysis 

The analysis employed was that of a comparative analysis of national time series. The fact that this 

method was used instead of a cross-sectional study deserves a special note. Cross-sectional studies were 

popular in the seventies and early eighties, when time series data were scarce and less reliable, 

particularly in less developed countries. Countries were arranged according to their level of income per 



capita in U.S dollars as of a particular year, and GDP per capita or GNP per capita were used as 

independent variables to explore differences in the pattern of the indicators of construction industry 

activity. However, conversion of national currencies to $U.S. equivalents do not reveal the distortions of 

a country'; economy nor the comparative levels of prices in non-tradable goods and services (as are the 

case of most construction services). Further, cross-section analysis at a single point in time cannot 

reproduce the richness of events over time. It cannot answer such questions as why some countries grow 

faster than others, nor can illuminate the qualitative changes in political and economic institutions that 

typically accompany economic growth. 

The justification for using construction value added (CVA) as the main indicator of the construction 

industry activity rather than gross fixed capital formation in construction (GFCFC) or gross construction 

output (GCO) is twofold: 

Firstly, the production approach (value added components) has been utilised by international bodies as a 

more reliable way to compound a country's national aggregate. 

Secondly, as far as this sample of countries is concerned ( and for the period of reference analysed), data 

on construction value added are more consistent than on the other indicators of the construction industry, 

let alone data on construction employment. 

With regard to GFCFC, it is, as already mentioned, a component of a country's gross capital formation. 

The gross output of repair and maintenance in construction works is not accounted for in GFCFC and 

obviously not in gross capital formation. Often, it is difficult to distinguish a minor from a major 

rehabilitation work. Then bias can occur looking at the rough figures of a country's national accounts 

tables. It is, also, worth noting that maintenance and repair construction works may concern inputs from 

all sectors of the economy. Thus, it appears to be less difficult to discover the aggregate value added 

component in this sub-sector of the construction industry (work done, mostly, by construction enterprises) 

than the aggregate gross output of construction repair and maintenance by other sectors of the economy, 

which may account either as investment or current expenditure of this sectors. 

4. Recent Trends in European Construction Activity 

As the last publication of the U.N. Construction Statistics Yearbook was in 1989 (showing 1985 data) and 

the recently (April 1997) published National Accounts: Main Aggregates and Detailed Tables deals with 

data up to 1993, it is necessary to investigate other sources in order to examine more current state of the 

industry across countries, in order to gauge the general pattern. 

The Organisation for Economic Cooperation and Development (OECD) publication Economic Outlook 

compiles various macroeconomic statistical measures for member countries and provides a periodic 

assessment of economic trends that includes short-term projections of GDP and GFCF. 



Table 1 shows the projections for the annual % change in real GDP for 1997 and 1998 in several 

countries. In addition to the U.S.A. and Canada (included for comparative purposes), the countries are 

chosen to exemplify both Western and CentralEastern Europe (CEE). 

Table 1 : Percentage charlge in real GDP (over previous period) 

One particularly notable aspect here, is the consistently higher growth rate for the CEE countries than for 

the EU. 

United States 

Canada 

Germany 

France 

Italy 

United Kingdom 

Hungary 

Poland 

EU 

The Annual Bulletin of Hozising and Building Statistics of the United Nations aims to provide basic 

annual data in the field of housing and building in European countries, Canada and the U.S.A.. The 

statistics are provided for fifty-five countries and use commonly agreed definitions worked out under the 

auspices of the Confederation of European Statisticians. 

The data compiled, covers: 

- Dwelling stock. 

- Number of buildings constructed. 

- Value of construction (completed construction work by category). 

- Building f m s  (number of firms, output, employment). 

- Building materials (including production and apparent use of cement). 

- Prices, costs and rents (wholesale price indices of materials, input and output price indices for 

housing construction. 

(One complication with trying to make comparisons is the fact that many countries [particularly those in 

Eastern Europe] have, until relatively recently, been producing national accounts under the MPS system 

and this has complicated comparisons between these countries and those using the SNA system, 

particularly in the area of capital formation. This has been especially important for the construction 

sector.) 

1997 

2.2 

3.3 

2.2 

2.5 

1.2 

3.3 

1.7 

5.0 

2.4 

1998 

2.0 

3.3 

2.6 

2.6 

2.1 

3 .O 

3.2 

5.0 

2.7 



The Annual Bulletin (1989-96 editions) provide information on annual GFCFC and, using a regression 

equation for GFCFC and GDP based on ten years' data, I have made extrapolations to show projected 

growth in GFCFC for 1997 and 1998. This is illustrated in Table 2. 

(As already mentioned in section 3.2, there may be better indicators of construction activity [particularly 

CVA], but with the limited availability of easily accessible macroeconomic data, GFCFC is used here.) 

Table 2: Projected growth in GFCF Construction (over previous period) 

There is notable divergence between countries, especially EU members, but again the greater growth is 

apparent for CEE nations. 

United States 

Canada 

Germany 

France 

l taly 

United Kingdom 

Hungary 

Poland 

EU 

There are data in the Ani~ual Bulletins to permit comparison on employment change in the industry since 

1980. Table 3 shows employment for three chosen years for a selection of two EU and three CEE 

countries. 

Table 3: Number of employees in the building industry 

1997 

2.3 

3.4 

2.3 

2.6 

1.3 

3.4 

1.8 

5.1 

2.5 

1998 

1.9 

3.2 

2.8 

2.5 

2.0 

2.8 

3.3 

5.3 

2.9 

Whilst the size of relative decline is apparent from Table 3, the overall picture for the twenty-two 

countries for which a series of data is available is shown in Table 4. Of those countries, only four showed 

a rise in construction employment, whereas eighteen showed a fall. 

Ireland 

United Kingdom 

Estonia 

Hungary 

Poland 

1990 

76 000 

773 000 

51 800 

21 3 000 

638 600 

1980 

103 000 

964 000 

50 200 

327 000 

1 028 000 

1994 

79 000 

561 438 

39 000 

99 123 

642 901 



Table 4: Comparison of employment in construction (number of workers) between 1980 and 

1994 

This is not particularly surprising, given the recessionary state of European economies in recent years, but 

it is certainly worth comparing this with Bon's 1990 study, when the employment figures (up to 1985) 

were showing considerable falls in numbers in the selected European countries. The decline in 

employment numbers has continued, with all the major European economies showing a similar trend. 

Use of the data on GDP, GFCF and GFCFC from the 1997 Annual Bulletin enables the calculation of 

GFCFC as a %age of GDP for 1994. For the twenty-two countries, for which these data are available, it 

is interesting to consider the variation in this %age. Table 5 shows the league table of countries, 

indicating that at the extremes, whilst GFCFC has a value of over 15% of GDP in Switzerland, the 

Finnish economy shows a comparable figure of only 6.4%. T h ~ s  massive variation is worthy of more in- 

depth study. This is, itself, the subject of a current research project but the scope of this paper is merely to 

concern itself with an investigation into the availability of data and to point out its more interesting 

features. 

Table 5: GFCFC as a %age of GDP 

Slovenia 

Sweden 

U.K. 

Norway 

Poland 

Moldova 

Romania 

Slovakia 

Employment 

down 

Austria 

Belgium 

Bulgaria 

Croatia 

Denmark 

Employment 

UP 

Cyprus 

Finland 

Luxembourg 

Portugal 

Estonia 

Germany (W&E) 

Hungary 

Iceland 

Ireland 

Switzerland 

Cyprus 

Austria 

Germany 

Spain 

Canada 

France 

Belgium 

Hungary 

Kyrgyzstan 

1994 

15.2 

14.7 

14.3 

14.2 

13.4 

12.3 

10.5 

10.0 

9.9 

9.0 



5. Conclusion 

Greece 

Romania 

Slovenia 

Italy 

Ireland 

Malta 

Iceland 

Netherlands 

Denmark 

U.K. 

U.S.A. 

Finland 

This paper represents an attempt to investigate the usefulness of principal macroeconomic data sources on 

the construction sector, available to the researcher concerned with international comparisons. For much 

research work, dealing with only a small number of countries, recourse to an individual country's national 

accounts, supported by groundwork in that country, may be appropriate. Yet this would be impossible for 

wider international comparisons. Good opinion surveys, such as those of Bon's (1 996), certainly provide 

important and interesting information, to complement 'official' information sources but 'improved' 

official data is essential. 

The recent revamp of the SNA in an attempt to provide M e r  standardisation of national accounting 

procedure:, and the move away from the MPS by countries, have certainly been moves in the right 

direction. Yet the most disappointing features of data availability are still the lack of availability of a 

regular, complete set of U.N. statistics on the industry and the inevitable degree of under-reporting in 

many countries, which still leads to the questionable reliability of data. 
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This paper presents an automated system for building design for rectangular shaped buildings of one or more 

stories, built using any kind of construction technology. The system is based on an object-oriented building 

Project Module that has been designed to support the information needs of the system throughout the project 

life cycle. Distinct knowledge module's process project information through predefined stages of the design and 

construction planning process. The knowledge modules have direct access to external data bases containing 

up-to-date information regarding the physical and business environment of the project. They also query the 

user whenever necessary. The Building Project Model and structural design knowledge modules have been 

developed and implemented in a computerised system. This paper describes the use of the Project Model and 

the functioning of the system and its structural design knowledge modules. The automated system can produce 

designs of high quality as it uses up-to-date data (defining materials, technologies and costs), and also enables 

the user to explore and compare numerous design alternatives in depth. The economic advantages of such 

automation lie in the direct savings in design costs, in shortening of the project duration, and in the potential 

savings in construction costs which result from higher quality design. 

1.0 Introduction 

The quantity of information generated and use for the average modern construction project is vast. This is due 

to the complexity of the building product, the multitude of organisations involved and the fact that the majority 

of construction projects are prototypical. While computers are currently used to perform diverse design and 

management tasks, the construction industry has yet to adapt its work practices to the Information Age. Fully 

computer integrated construction (CIC) will fundamentally change the ways in which project participants 

perform and communicate (Teicholz & Fischer 1994). 

The aim of an Automated, Computer Integrated Building Realization System (ABS) is to automatically generate 

all of the information required for the design, planning and execution of a building project Warzawski 90). 



Sacks and Warszawski (97) have detailed an ABS intended for the design of multi-storey buildings with 

rectangular uniform floor plans. This conforms to the approach that systems should be limited in scope in order 

to be feasible (Karhu 97). The proposed ABS functions in a step by step manner through distinct predefined 

stages; the user can respond and intervene at each stage to approve or reject the results presented. The user can 

also change the project data directly, and, if necessary, instruct the system to repeat the previous step. The 

system can produce, on demand, any of the project documents required by the user (such as plans, costings, 

textual reports, specification's etc,. 

The ABS used knowledge based modules to generate and manipulate the project information, and has direct 

access to various construction databases. Each of the knowledge modules incorporates procedural knowledge 

of its domain, such as structural design, floor layout, electrical system design, HVAC etc,., The discussion in 

this paper highlights the structural knowledge modules of such a system. 

The generalised structural design process has been formally described as consisting of four distinct and 

consecutive activities: Formulation of functional requirements, Conceptual design, Optimization and Detailing 

(Kirsch 93). The first three steps are usually repeated (Bakkeren 94) as the design is refined. While 

computerisation of evaluation and detailing is reasonably commonplace in structural design offices, the first 

activities (formulation or requirements and syntheses of new solutions for evaluation) have remained the 

domain of human designers. This is clearly the most complex part of the design process to computerise, as it is 

'creative' in nature. The structural knowledge modules of ABS address all four steps. 

2.0 Building Project Data Model 

While other aspects of the proposed ABS, such as Design of Prefabricated Buildings (Retik and Warszawski 

94), Construction Planning (Shaked and Warszawski 9 9 ,  have been investigated at the Israel National Building 

Research Institute (NBRI), this module is the krst to based on a common building Project Data Model (BPDM) 

designed and implemented specifically for the ABS. 

The current data model covers the design process from the statement of the owner /developer's requirements 

through to the start of construction scheduling, and demonstrates the ability of the project model to support 

representation of the project information ,through -the project life-cycle. The model schema accounts not only 

for the varied data requirements of different system modules, but also for the different ways in which ,they 

require that the data be structured. This is a daunting challenge for the case of a generic building model (Bjork 

92); the BPDM is tailored specifically for rectangular shaped, multi-storey buildings whose floors are of 

consistent shape through the height of the building. 

The project model utilises object-oriented technology to structure the generation and storage of the information 

describing the building project. The object classes organise the information around three key axes (this 



building's spaces, its physical systems and their parts, and the activities and resources required for its 

construction. Each axis is divided into three main levels of detail. The relationships which are possible 

between the object classes are detailed in a model schema, which also includes classification hierarchies for 

each of the classes in the main schema. 

The project model is described in detail in (Sacks and Warszawski 97). 

3.0 Processing Stages and Knowledge Modules 

The overall design and planning process of an Automated Building system for rectangular multi-storey 

buildings have been defined as being composed of different stages (Sacks & Warszawski 1997). These are: 

1 .  Brief Generation 

2. Conceptual Design (building shape and height), 

3. General Design I (structural scheme and floor layouts), 

4. General Design I1 (selection and layout of Work Assemblies), 

5. Detailed Design (analysis of the work Assemblies and detailing of each of their Elements), 

6. Scheduling and Purchase Planning. 

Each of the knowledge modules required for the system has also been detailed with respect to the stage at which 

it functions, the data input it requires, and the building g information it generates. Structural design is not 

limited to any stage in the design process; different parts of the structural system are designed and detailed at 

various levels of detail through each stage, by different knowledge modules. It is therefore necessary to 

conceive of ABS structural design knowledge modules as parts of the overall knowledge modules for each 

stage. Three Specific sub-modules are defined: 

3.1 Core and Structure Knowledge Module, which is part of the General Design Knowledge Module 

(GDKM). The structural design of a building is closely entwined with its spatial design, particularly in the 

layout phase. At this time a solution type must be decided upon resisting the horizontal forces which act on the 

structure, and the positions of the columns that carry the vertical loads must be set. Both of these design issues 

must not only account for structural functional requirements, but must also enable the building spaces to fulfil 

their required services functions. The building core may contain elevators, stairwells, service shafts, public 

bathrooms, etc., as well as providing the primary stiffening element for resistance of earthquake and wind 

loads. The positioning of the columns and their spacing in each direction must allow subdivision of the floors 

in a way compatible with their function, whilst at the same time allowing for design of a cost-effective slab 

system. Therefore, the set of rules and methods in this section includes bo-th structural and architectural 

knowledge. 



The module develops candidate solutions for the core and structure whose parameters include the column 

spacings in each direction, the type of horizontal load resisting system, and the type of foundation system. The 

parameters are fixed on the basis of a detailed comparison of the estimated direct and indirect costs of each 

possible solution. In the present implementation, solution costs include direct slab costs for the building g's 

floors, the costs of columns and core walls, and the costs of finishes associated with the slab type. It is 

recognised that additional factors such as the cost of the foundation system, the economic impact of 

construction duration, and the impact of the column spacings on the value of the resulting building space, 

should be considered in a full scale commercial system. Figure 1 shows a user interface screen on which 

different alternative solutions are presented. 

Figure 1 : ABS user interface screen showing feasible structural solutions. 

Feasible Solutions: 
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3.2 General Structural Design Knowledge Module, one of the functional System Knowledge Modules 

(FSKM). At the outset, functional system requirements are detailed for supporting the service loads on each 
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floor, on the basis of the proposed function of the floor (e.g. office space, housing, education, etc.,.), and stored 

in the project model. for each hnctional system requirement instance, selection rules are processed for each 

feasible slab solution. The slab solutions are implemented in the form on Intelligent Parametric Templates 

(IPT) (Sacks & Warszawski 97), which are templates of complete solutions for different hnctional systems of 

the building (Warszawski & Sacks 95). the IPT's encapsulate the physical definition of the system and its parts, 

together with knowledge-based rules, algorithms and data base and user queries required for their evaluation, 

selection, layout and detailing. 

At this stage the level of detail is greater than that at the previous stage. The column positions, and therefore 

the spans, have already been fixed (Figure 2), as have the locations and sizes of the building's cores. thus, 

more accurate evaluation of each feasible slab configuration is possible. The most economical slab solution can 

therefore be selected. The methods and rules of the selected slab solution are then processed to la out its 

elements. Figure 3 shows part of a drawing of a joist slab, after design by -the joist slab IPT's lay methods and 

its set layout rules. 

Figure 2: Setting of core size and location and column positions for buildings where 
the core can be designed to fit the column grid. 

Figure 3: General Layout Drawing of a Ribbed (Joist) Slab. 



3.1 Detailed Structural Design Knowledge Modules, which are in fact individual. Work Assembly 

Knowledge Modules (WAKMs). In the final step of the design process, the 'detailed - design' method of the 

IPT is called for each work assembly; in effect, each work assembly details itself. Detailing of structural work 

assemblies includes structural analysis and element design (either selection of standard sections or 

reinforcement detailing). Much of the knowledge at this stage is procedural in nature, and is therefore, 

implemented mostly as object methods, and less in the form of heuristic rule sets. 

4.0 Implementation 

A Prototype systems has been implemented using the autoLISP++ object-oriented development tool1. Only the 

user interface and the structural knowledge modules 

been fully implemented, while other components function as demonstration modules only. 

The user can request that the system produce drawings and reports at each stage. Figure 3 shows the structural 

layout of a joist slab with hidden beams at the end of the general design stage. figure 4 shows a detailed layout 

drawing of the same slab, plotted after the detailed design stage. One advantage of storing the project 

information in a building project model rather than a conventional set of drawings, is that designers and builders 

can each view the building in ways appropriate to their immediate needs. For example, a steel fixer could 

examine a column head reinforcement detail (Figure 5). Reports, such as the rebar quantity take-off report 

shown in figure 6, are also produced automatically. 

Developed for this purpose using AutoCADB 13 (Autodesk Inc.) on a PC 486 computer. 
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Figure 4: Detailed Layout Drawing of a Ribbed (Joist) Slab with Hidden Beams. 

Figure 5: Column head reinforcing detail. 

Reinforcing Bars 
Bar Id Bar Definition @anti5 Weightlka) Total Weight(k@ 

Figure 6: Section of a rebar quantity take-off report. 



5.0 Conclusions 

An automated building system has been defined for rectangular shaped multi-storey buildings. the Building 

Project Model of the system has been implemented and tested, and structural design knowledge modules have 

been developed, using an Intelligent Parametric Template design strategy. 

The envisaged benefits of use of an automated system are numerous. The direct costs of design are significantly 

less than the labour-intensive process common today (in limited testing, the system was able to produce 

complete structural drawings for a six storey building in just four hours). As a result, the designers can also 

consider more design alternatives more thoroughly than previously, thus increasing the likelihood of achieving 

an optimal design. The system can produce design information of high quality ( IS0 8402-86), thus reducing 

construction costs associated with inconsistencies and errors in design drawings. Also, the fact that the 

information is computerised and accessible at all stages enables the use of automated production systems 

without requiring additional labour inputs for information processing (Navon et a1 94). 

While concept has been demonstrated on rectangular shaped buildings only, it is proposed that the system could 

be extended to include buildings whose shape is composed of basic rectangles, without restriction on buildings 

types and construction technologies. In this way, the system concept could be applied to a majority of all 

buildings. 
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Abstract 

Professional property investment decisions usually are based on the irr concerning a period in which one or 

more upgrading investments are included. As a result the selling value is very speculative. To have a better 

basis for decision making the planning period should be shortened to a rental period in which the supply of 

facilities is constant. As a result the costs of the facilities can be compared with the market rent. When 

annual costs are calculated it will be possible as well to calculate the residual value at a moment of upgrading 

and at the end of the investment period. The Residual value is the basis for an upgrading decision, since the 

total investment depends on the market rent to be eqected after upgrading. the decision maker should be 

aware of the fact that the residual value should be based on actual prices and not on the historical investment. 

Undemaluation of the residual value may result in a too high upgrading investment. Changes in value of the 

land will be substantial and have to be taken into account in investment and upgrading decisions: they are in 

fact the only speculative factor. Decision making based on costs in stead of cash flows needs more data than 

available now. They concern n~aintenance, econonlical life span and disposal costs in upgrading situations. 

Keyword: irr, annual cost. upgrading, residual value. 

I .O Introduction 

Professional property investors usually base their investment decisions on the internal rate of return over an 

investment period of about twenty years. In this way the balance between supply and demand is neglected. as 

well as the level of upgrading within the investment period. This balance can only be found over a shorter 

(usually rental) period in which the quantity and quality of the flow of facilities is constant. Over such a 

period the average annual costs have to be calculated to conlpare then1 with the market rent. On the basis of 



this cost calculation (including depreciation) the residual value of the building at the end of a rental period 

may be found as an output as well. 

In this article will be discussed \t hich planning period has to be chosen, which financial parameter should be 

used for decisioil making and which infornlation is needed for the calculation. 

2.0 Speculative return on investment. 

The goal of a property investment is to generate an income. In the case of an investor-user the income is 

generated indirectly by using the property as a durable means of production in his primary process and by 

selling the property after the period in which it has been usable for this particular process. Professional 

in\.estors in~rest to generate a direct return on the investment. over a well defined investment period by getting 

a rental incoine and a inore speculative. but very iillportant high selling value. 

The return oL7er the in\ estnlent period is uncertain. since changing market demand influences the market rent 

and the sclling l~alue of the property. The value of the land hardly can be influenced by the investor. while the 

value of the building depends partly on the initial in\,estment. but as well - substantially - on the additional. 

upgrading in~~estments within the investment period. These additional in\.estments can hardly be predicted at 

Lhe moment of the initial ini.estincnt. since the change in denland is not clear oFrer the investment period. The 

possibilities for an imrestment in upgrading depends on the eqected market rent and the residual value at the 

moment of decision making. M hich usuallj is not determined at all. A calculation method has to be chosen to 

generate reliable data on which investment decision (initial or upgrading) can be based. 

3.0 Irr and cash flow 

The irr is meant to dete~mine the average annual return o\,er the investment period, to be used as a basis for 

the investment decision. Obviously it does not concern a cost calculation, but it concerns the transformation 

of (incoming and outgoing) cash flows into a net percentage of the initial in~vestment, but including the 

interest cost of the in\ estment. (Figure). Since the cash ilou s can only be estimated in a global way over such 

a long period, it creates a speculati\ e basis to the output and as a consequence can be used just as an indicator 

of the attractiveness of the illvestment 

The most speculative input to be predicted is the selling value of the property. It would be better to calculate 

this \value as an output of a cost calculation.. To make this possible. we may have to switch to shorter 

planning periods in such a wa! that the cost calculation will concern a period with a flow of facilities constant 

in quality and in quantity. Over such a period rent and costs should be clear to decide about the best balance 

between them. 



First out attention will be focused on the period with could serve as a good basis for cost calculation, after 

which will be focused on the period which could serve as a good basis for cost calculation, after which can be 

decided the type of cost parameter which could serve for out goal to value the building at each decision 

moment. 

internal rate of return 

(net) r e n t a l  i n c o m e  

selling n 
value I I 

I I initial 
investment 
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investment 

fig. 1. Internal rate of return to be calculated over the investment period and based on cash flows. 
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4.0 Planning periods 

The static building supplies a constant flow of facilities to a continuously changing market until the moment 

when the building may be adapted to fulfil new market demands again . As has been visualised in figure 2, 

we may recognise (during the investment period) several rental periods with a constant flow of facilities. 

which are separated by adaptation activities. After such an adaptation the quantity and/or the quality of the 

facilities will have changed as well as the costs and the market rent. 

About the initial investment will be decided over a planning period which equals the investment period. while 

about adaptation (upgrading investments will be decided over a planning period which usually equals a rental 

period, The tenant does not take the risk of a misfit between supply and demand, resulting a short rental 

period, while the investor takes the risk to decide over a longer period with a lack of information about 

additional investments and rental income. It would be better to base decisions on rental periods. 

Since rental periods are (from the point of view of the investment decision maker) connected by the residual 

values. which are partly responsible for the future (total) investment. we have to focus on this value now. 

5.0 Importance of the property value. 

The property values at the beginning and at the end of a planning period are important factors in the cost 

calculation. At the beginning of the investment period the value is determined by 

- the construction cost and the price of the land. in the case of new construction 

- the purchase price and the construction cost of adaptation, in the case of a building 

to be adapted. 

At the moment of upgrading within an investment period the value of the building to be adapted is as 

important as at the initial moment of investment.. In both cases the expected rental income should be 

compared with the annual costs resulting from the total investment. The rent to be expected over the rental 

period after adaptation depends partly on the components which remain in situ and partly on the components 

which will be added to the 'old' components in the upgrading activity. To find the investment concerning the 

components to be added will cause no problems, but the value of the untouched components is less easy to 

find, It is really very important to know this value, because it determines the maximum the additional 

investment within the total investment after upgrading of which the annual costs have to covered by the 

market rent. 



At the end of the in\~estment period the propert! will be sold.. The value of the land is difficult to predict. but 

the change of value of the building over the in\.estment period can be calculated in the same way as in 

preceding calculations. This residual value should be calculated ad an output as (Jnnssen, 199-). 

6.0 Property value at constant prices. 

Usually. the value of a property (land (and building) is determined by the actual market rent ,and by the gross 

initial annual return which is considered to be normal for such an investment. As long as these factors do not 

change. the value of the property (determined in this way) will no change over the rental period (Figure 3). 

However. the property obviously has lost ~.alue. v.hen at the end of a rental period the building has to be 

upgaded in order to find a tenant who mill pay a reasonable rent in the future. the investment may be split 

illto tow parts: 

- an investment which would be needed to bring the building in such a condition that the production 

of the initially meant flow of facilities can be continued, which means a replacement investment 

concen~ing components of which the life span has expired. 

- the upgrading of the facilities to fulfil the present demand. which means an addition to the 

replacement investment. 

As a consequence. n e  should accept that a building \$,ill (at constant prices lose value during a rental period. 

This loss gibes the possibility to replace (when a fund has been created based on depreciation and without a 

rise of the annual costs) and to add (which results in higher annual total cost and higher rent) components. To 

find the 17alue of the building. depreciation should take place based on the initial investment over the 

economical life span tvhich can be expected: sometimes equal to the rental period, sometimes even longer 

than the investn~ent period. 

We 11 ould be aware of the fact that the additional investment could be financed out of profit made previously 

on this investment. Endov.ments to a fund to finance additional investments should (however) not be 

considered as costs and should not influence the in17estment decision. This decision just depends on the 

market rent to be eqected after upgrading and the value of the property before upgrading. 
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fig. 3. Property value in two rental periods 

7.0 Consequence of price changes. 

The loss of value because of the use of a building (reflected in depreciation cost) should be distinguished from 

a rise in value of the property because of changing construction prices and the rise in value of the land. 

However, both types of changes should be taken into account at the moment of an upgrading decision. In the 

case of a sharp rise in the value of the land, the initial property has been taken into account. This rise in value 

may deminish the initially e'xpected financial possibilities of upgrading. 

As has been visualised in Figure 4, the maximum total investment (Imax) is determined by the market rent to 

be expected in the sector focused on. This rent will be paid for the combination of facilities; partly depending 

on the old components, and partly depending on the newly installed components. The higher the value and as 

a consequence the costs of the old component, the less can be invested in new components which will be 

required to supply the market. When the initial (historical) investment is taken into account seems that much 



more can be invested in upgrading, than in the case that the actual value of the property is taken as a basis for 

decision making. Figure 4 shows us: depreciation h d  one should be enough for identical replacement, 

whilst only the additional investment is an argument to ask a higher rent. The residual value, as a basis for the 

upgrading investment, still has to be determined. 

- - - property value based on market rent 

value of building as  stock of facilities 

sal 2 

fig. 4. Property value at actual price level 



8.0 Cost calculation and residual value 

Costs have to be calculated in such a way that they can be compared with the rental income over a period 

within two investments decisions (Figure 5). the cost calculation should be connected to the investment at the 

beginning as well as at the end of the period. As has been argued. the initial investment is an input, whilst the 

residual value of the building should be an output of the calculation. 

Since the loss of the value of the building (as a part of the total investment which includes the land as well) 

should be considered as a cost factor, depreciation should be introduced implicitly resulting in the 

determination of the residual or resale value -based on components which still have a future using value. This 

value depends on the expected economical life span and the depreciation pattern. 

In the costs of the facilities - supplied on an annual basis within the rental period - should be incorporated the 

capital costs ( interest and depreciation), maintenance and disposal of the components at the end of their life 

span. (See: Tempelmans Plat 1995). To make comparisons with the expected market rent possible and easy, 

average annual cost will be the best choice for decision making. (Ruokolainen and Tempelmans Plat, 1997). 

The consequence of this choice for the residual value at the moment of upgrading is that depreciation will be 

based on the annuity calculation of the average annual capital cost. So at each point in time the value of each 

component can be calculated. This value should be adapted for a maintenance fund and a disposal fund 

(Tempelmans Plat, 1996) . 

9.0 Total investment after upgrading 

The total investment after upgrading depends on (Figure 4) 

the value of the land 

the value of the old component 

the value of the newly assembled components 

The value of the new components are calculated on the basis of the construction costs. The value of the old 

components is the result of the cost calculation concerning the preceding rental period, but taking into account 

the construction price level at the moment of upgrading. Rents concerning properties at attractive locations 

will increase (much) faster than construction prices. As a consequence, the value of the property will rise 

according to the change in rent (adapted for depreciation). Since the value of the building can (in economical 



sense. not as a monument) not be higher than the replacement value in a stable market situation. the major 

change in value will concern the land., which is nearly always scarce. The higher the value of the land ( 

depending on the use with the highest return) the less are the possibilities to upgrade a building designed some 

rental periods ago in different circumstances, 

Only on the basis of a good valuation of the land and the residual value of the building a good upgrading 

decision can be made or to be decided to destroy the building. The influence of the market is reflected by the 

actual value of the land, which remains a speculative factor. 
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fig. 5. Average annual cost calculation over the rental period and based on interest cost and 
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10.0 Data base 

One can expect that data are available about construction costs, maintenance and technical life spans. 

However, more detailed information is needed for property investment decisions concerning existing 

buildings. 

Information about maintenance on the level of the total building and about installations is available, 

However, it is necessary to have information on .the building component level, to be able to balance 

investment and maintenance in order to minimise annual costs within (mostly) the rental period. 

Information about economical life spans is needed to calculate capital costs, including depreciation and to 

calculate the residual value of a building at the end of the rental or investment period. This cannot be a 

general data base, but should be connected to the types of buildings, to the types of users and to the location 

(Jannsen. 1997). 

In~portant as well are - and will be more in the future - the disposal; costs. The costs of the destruction in 

upgrading circumstance are not easy to calculate. It depends on the connecting components and the 

possibility to reuse con~ponents, or to recycle material 

I I .O Conclusion 

Professional investors should not consider building just as a sum of money, which should generate an 

acceptable return, like shares or bonds. The important difference concerns the additional investment which 

usually has to done to upgrade a building. As a consequence, this cash flow has to predicted to calculate the 

irr over the intended investment period. However, the additional investment ( and in fact the initial 

investment as well ) has to be considered in relation with the expected rental income over a (short) rental 

period. This needs a detailed (annual cost calculation in which depreciation costs are incorporated. while the 

depreciation to fulfil denland in the next rental period. 

By connecting annual cost calculation and valuation of building (both as a basis for investment decisions) 

construction management and property management decisions will be closely connected. 

12.0 Definitions 

Internal rate of return : method with which the return on the initially invested capital will be calculated over 

the investment period on the basis of cash flows to be predicted. 



Average annual costs: price per year of a constant flow of facilities produced by a building as a continuous 

process. 

Residual value: value of a building based on the value and the period over which facilities can b e produced. 

Selling value: residual value of which reservations made for maintenance and for disposal expenditures are 

deducted. 

Replacement investment: investment in a building to bring it back in the condition to supply the facilities as 

meant at the moment of new construction. 

Additional investment: investment which is needed in addition to the replacement investment to bring the 

facilities to be supplied on a higher quantitative and / or qualitative level. 

Upgrading investment: sum of replacement investment (and additional investment. 
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Abstract 

This paper describes a document retria~al system called CAIRN that uses case-based reasoning to retrieve 

documents based on natural language queries. CAIRN parses a document set using a large lexicon to 

automatically generate a case indes to that document set. The indes is used by a case-based retrieval engine to 

find documents. The retrieval engine is tolerant of noisy natural language queries. CAIRN also supports 

failure-driven learning of important concepts during its use and thus can significantly improve its retrieval 

accuracy over time. The limitations of this systenl are discussed. 

1. Introduction 

The problem of obtaining timely and relevant information from digital information sources (e.g.. CD's & the 

Internet) is becoming daily more acute. as there is an ever increasing variety of sources and volume of 

information available. This problem is compounded when end-users are not familiar with search techniques. 

Current information retrie\.al (IR) systems use keyword. free-test. contex9-based search. h\pertext structures 

and statistical IR techniques. These techniques are either laborious for the information publisher. since 

keywords and hypertext structures must be defined before publication, computationally inefficient (e.g.. a 

free-text search of megabytes of test) or unsuitable to novice users (because of a vocabulary mismatch 

between hou a user expresses a queq and the available indeses). This paper presents initial results from the . . . 
CAIRN project, which is inlrestigating a case-based document indexing and retrieval system that can be both 

efficient for the content publisher and intuiti\.e to the user. 

Case-based reasoning (CBR) has recentl! been shown. most notably in the US electronics indusw. to be a 

powerful 'and flexible retrieval technology [Kitano et al.. 1992: Kitano & Shimazu, 19961. that is being 

increasingly used for information retrieval [Anick 8r. Simoudis. 1993; Smail, 1993; Cunningham et al., 19951. 

CBR is an inlprovenlent over some retrieval methods because it combines the friendliness of contest-based 

searches with flesible means of indexing the information. Using case-based retrieval users can ask for 

information in their own words. The CBR system then asks the user for more infom~ation as required, to focus 

a search if too many or too few docun~ents are returned. This dialogue between the system and the user is an 

intuitive nay of retrieving information that lets the user remain in control. 

However, most current case-based retrieval systems are manually created by a laborious process. The CAIRN 

pro-ject uses an crutotnat~~l indesing process. thereby greatly reducing the effort for the publisher. This 



approach is supported by a recent report comn~issioned by the Department of Education and Employment 

from ICL. in which they el~licit ly recognise the need for A1 support of the user and the librarian [Yapp. 1995. 

p.91. 

2. System Requirements 

At the start of the CAIRN project a set of requirements \$as formulated that [he CAIRN tool would need to 

satisf! . These n ere divided into ti{ o categories: requirements from the users \.ien point and requirements 

from the content publishers \Tie\$. point. Those from the users' view point \$,ere as follours: 

The tool should run on relatively low cost hardv are (i.e.. PCs) and be netv,ork friendly. 

It should allow users to enter free-form natural language (NL) test as a se'arch query: e.g.. a user can ask 

for "ach:icc. on pairlts and hl-eathir?g": 

It should be tolerant of spelling mistakes and t>pographical errors. 

It should be reasonably quick (i.e., a second or tito for retrie~al). 

It should be able to infer that tl~ir~r?c>r:c and ,colvt.nt may be synon!-mous. 

It should be able to ask the user questions to focus the search such as: "-4re *vorr interestcci in .-I) .colvent.~ in 

coj1fij1t.d spaces, Bj snj2 application c~ f s p r q  paints C') breatl~ing appnmtus? ". 

From the publishers' ipicn. point the requirements were: 

The tool should run on relatively low cost hardvare (i.e.. PCs) and be netv~ork friendly. 

It should generate the case-indes automaticall\. \$ ithout human intenyention. 

It should be able to deal with megabytes of content 

It should be customisable to improve retriei~al accurac?. 

It should interface \$ ith esisting retriei7al softu are. 

It should ha1 e a customisable user interface. 

Although there are many case-retriel-a1 systems on the market that satisfy many of these criteria (e.g.. 

ReMind, Recall. and CBR3 [Watson. 19971) generating cases by hand for all of them is L.ery labour intensive 

(just as creating key~vords. document summaries or hypertest links are). A recent study by the applicant 

sho\\.ed ha t  an esperienced developer can indes between 20 and 40 documents per day depending on their 

complesity [Watson & Abdullah. 9-41. Thus, developing an indes bj- hand for 10.000 documents could take 

300 days. CAIRN automates this process and can process thousands of files per hour. 

3. System Architecture 

The CAIRN system uses the same primary software components as the Swiss Bank Corporation's Know How 

Project [Block & Poynter. 19961, namely Inference Corporation's CBR3 Generator and Casepoint tools. The 

ti$ o principle components are described below. 

CAIRN reads test files (ASCII text, HTML, Microsoft Word files, and RTF files) and builds a case index to 



the document library. In order to understand the content of a text file CAIRN uses a lexicon containing an 

alphabetical list of approximately 50.000, mainly English, words identified by part of speech and by the 

word's poIvse,nv index1. In addition. content publishers can add specific technical terms. abbreviations. jargon 

and acronyms to the lexicon. 

Figure 1. The CAIRN Architecture 

CAIRN parses each text file using the lexicon to decide the subjects of the file (i.e., the case index). It 

produces a short textual summary of the file that is used in the first phase of document retrieval. It also 

construct a set of questions that further discriminates between files and thus focuses the search using 

knowledge guided retrieval. This is an important distinction from conventional IR systems which expect to 

receive a well-finned query. In CAIRN a quet-y is refined in an iterative process of questioning and 

researching. 

CAIRN outputs three files: 

1. an indexed Import File that is in a format that can be imported into the case-based retrieval tool. 

2. a Rule File that can be used by the CBR tool to ask questions and focus document retrieval. 

3. a Maintenance File that will be used to maintain the case index when files in the library are added, 

removed or modified. 

1 
Tlie po!vsen~y i??cIex of a word is a measure of the number of meanings the word can take. For example, the mord 
br~atch is both a noun and a verb with several different meanings. This means that rvatch might be ambiguous as 
an indicator of document content. Conversel). the word asbestos. is a noun with a single meaning. Documents 
that contain the word asbestos are certainly in some way concerned with asbestos. 



4. Indexing 

One of the CAIRN project's collaborators is Chapman & Hall Publishers 

(http://i~w~v.chaphall.com~chaphall.html). They are a major multinational publishing firm with a wide range 

of periodicals. and technical publications. Increasingly they are using digital media to publish. including CD- 

ROMS and the Internet. Their Electronic Publishing Division provided the CAIRN project ivith data from a 

database of European Health and Safety Legislation. This data is currently retailed on a CD-ROM using a 

conventional keyword retrieval system. An sample abstract (ref. # 212880-1) is shown in Figure 2. 

<new document> 

<uid>2 12880- 1 <hid> 

<tit>Electrical Equipment for Explosives Atnlospheres (Certification) (Amendment) Regulations 

(Northern Ireland) 1995</tit> 

<sht>Explosi\.e Atmospheres Regulatioils 1995</sht> 

<lan>English</lan> 

<amd>Electrical Equipnlent for Explosive Atnlospheres (Certification) (Amendment) Regulations 

(Northern Ireland) 199 1 SR 199 1 No. 3 39<xuid>2 13973-3 </suid></amd> 

<sub>Equipment. Workplaces and Operations</sub> 

<sub>Fire. Eqlosions</sub> 

<sub>Industries</sub> 

<des>Approval</des> 

<des>Electrical Equipment</des> 

<des>Explosive Atmospheres</des> 

<des>Mining lndustries</des> 

<rel>European Communities Act 1972 <xuid>240390-7</suid></rel> 

<non>Council Directive 791 1 96/EEC concerning electrical equipment for use in potentially 

explosive atmospheres employing certain types of protection<suid>241784-(i<Isuid></non> 

<abs>These Regulations amend the Electrical Equipment for Explosi\fe Atnlospheres (Certification) 

Regulations (Northern Ireland) 1990. Regulation 3(3) substitutes a new Regulation 12 which now 

states that a manufacturer of electrical equipment who applies for a certificate of conformity will be 

able to ha1.e that equip~nent certified by reference to the hmonised  standards in the unamended 

regulations. Where an application for a certificate of conforn~ity or re\.iew is made before the coming 

into force of these regulations such application shall continue to be dealt with under the unamended 

regulations. Certificates of coi.lformity will not be issued in respect of electrical equipment to which 

the Framework Directi1.e applies after 29 February 1996 or to ivhich the Gassy Mines Directive 

applies after 3 1 December 1996. Certificates of confon~lity issued on or before these &tes shall be 

regarded as in force as regards the use of a distinctive Community Mark until 30 June 2003.</abs> 

Figurc 2. Sample Abstract from Health & Safety Data Set 



As you can see the test is quite nois?-. with a lot of formatting tags in it. The most important fields in the 

sample are the Subject <sub> and Description <des>. These were defined manually by Chapman and Hall and 

include the following tern~s: Equiplner?t, Rbr-kplaces, Operations, Fire, Explosions, Ir?rjltstr'ies, .4ppro\*al, 

Elec@ical Equipment, Explosive ..lh?zospheres, Illir7ir7g Ir?dus@ies. These are the keywords that a user would 

search on to re t r ie~~e this piece of legislation. CAIRN automatically produced the case shown in Figure 3 to 

indes this file. 

The case is d i~ ided  into four main areas. The Title and Description fields are kvhat are matched against the 

user's NL-query. The questions are used to confirm or reject this case (i.e.. to discriminate this case from 

other similar cases). The attachments will open the appropriate document (i.e., the file 212880-1 .TXT). 

Figure 3. An Automatically Generated Case 

One way of assessing the utility of the automatic case index generation is to determine if CAIRN accurately 

identifies the same keywords as the publishers did manually. Thus. one would expect CAIRN'S title and 

description to contain the publisher's keywords. A comparison is shown in Table 1. 



Of these terms only workplaces is not present. The singular of explosions, atmospheres and industries are all 

present, and since CAIRN is not adversely effected by the differences between singular and plural terms these 

can be read as the same. However. more strikingly is the fact that of the five confirming questions that 

CARN generated two are about lnines and explo.~ives. This confirms that CAIRN has correctly inferred that 

this piece of legislation is a directive about mines and explosions. A study of 5000 cases showed that in 95% 

of cases, 90% or more of the publisher defined keywords were contained in the automatically generated case 

title. description or questions. This confirms that CAIRN is accurately indexing the test files. 

Table 1. Manual 1.s. Automatically Generated Ke~words 

Publisher's keywords 

Equipment, Workplaces, Operations, Fire, 

Explosions. Industries. Approval. Electrical 

Equipment, Explosive Atmospheres. Mining 

Industries 

5. Retrieval 

CAIRN'S title & description keywords 

fi-amework, framework directive, certain type, 

kii~gdonl. council. explosive. eqlosive 

atmosphere, non council, firedamp. commission, 

conlmission directive. explosion. esplosion sub. 

februw,  certificate. certification, date, standard, 

potential, apply. European, application. 

interpretation, interpretation act, conformity, 

august. continue. EEC. reference. deal. substitute. 

mark. electrical equipment, mining industry, 

unamended regulation, 1995. fire. coming, 

directive. manufiacturer. atmosphere, atmosphere 

regulation, mining, anlend 

Once the case-index has been generated Inference's CBR3 Casepoint retrieval engine is used. A user can enter 

a NL-query into the description field and CAIRN will search the case-index for cases whose titles and 

descriptions are similar to the NL-query. Using the same test file as our target (i.e.. 212880-1.TXT concerning 

explosives and mines) a user could type in the simple query "explosives". This is shown in Figure 4. 



, petrolei~m gas, fee regulation, Oed placing, carriage, carriage regi-J 53 

Figure 4. Retrieval Using a Simple Query 

At the bottom of the CAIRN screen is a list of cases r a k e d  in order of similarity. In the middle are a set of 

features that help discriminate between the cases. The text we are looking for is indexed by case id. 4. If the 

user clicks the mouse on A45nesI? in the feature panel the similarity score for case id. 4 increases from 58 to 67. 

This is shown in Figure 5. 
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Figure 5. Interactive Retrieval 

'G certificate? a directive? amendrnentcG Mines? explosive? 

. a substance? a COSHH? packaging? a substance? equipment? 

(9 training? a t r t ?  section? regulation? young? 

: a equipment? lead? fQ welfare? @ Eire? a manufacturt 

a exemption? department-a quarry.? a tip? 

% Oframework, framework directive, certain type, kingdom, Ocouncil, e-J 27 

@&TI, petroleum gas, fee regulation, Oest placing, carriage, carriage regi-J 27 

surtable work, carry, equipment est, Oequipment regullation, traininpJ 27 

ion, Obattery, sudable receptacle, carry, working posit~on, Ocnmpour-A 27 

allow , Oapproval , plans, sub ~ndustry, economic development, O m a ~ n - ~  2 3 
I 

Select a deselect rebvant keywords. 

Figure 6. Retrieval Using a Noisy Queq  

Thus, CAIRN has correctly found the target document. Let us now try a more difficult and noisy queq  such 

as "regultions concerning electricla equipent undergound' (the spelling mistake are intentional in this query). 



Given this query CAIRN performs well as is shown below. 

CAIRN has successfully ranked case id. 4 at the top of the similar cases despite the incorrect spelling of many 

terms in the query. Finally. if CAIRN is given a precise and accurate query such as might be provided by 

someone who was familiar with the data source (e.g., "directives about electrical equipnzent in explosive 

a~nospheres in ~nines"). It performs very well as shown in Figure 7. 

Idiredives about electrical equipment in explosive atmospheres in mines) I 

substance? & installation? Eire? 

3 Ofratnewor k, framevvot k diredive, certain type. kingdom, Ocouncil, e l j  74 

@ulation, satety requirement, Oprotection, alleged contr avention, tredi Lj 55 w, petroleum gas, tee regulation, Oest placing, carnage, carriage regi-A 52 

on, 1992 tit -J 50 

surtable work, carry, equipment est, Uequ~pment regulat~on, t ra ln~nc -~  45 
I 
Enter B text description. To search, press the enter key. 

Figure 7. Retrieval Using a Complex Precise Query 

6. Failure-driven learning 

CAIRN has one other useful feature, that of failure-driven learning. A document retrieval system will 

probably never perform at 100% accuracy, thus it is useful if a retrieval system can learn from its failures. 

This is a characteristic of CBR. which is called failure-driven learning [Schank. 1982; Leake 19961. If 

CAIRN fails to correctly retrieve a document, the user can resort to using another search technique (e.g.. an 

exhaustive word search of the document set, such as that provided by the Windows 95m "Find7' utility or by 

using other search engines such as Verity). If a document is successfully retrieved (i.e., one that matches the 

initial NL-query), CAIRN records the concepts in the original NL-query and adds these to the "Learned" field 

of the case index (shown in Figure 10). These learned concepts can then be used by CAIRN as part of the case 

index. Thus. over time, the performance of the retrieval engine will improve. 

Failure-driven learning was tested on a document set of abstracts on aerodynamics. The set of 1300 abstracts 

was obtained from the IDOMENEUS technology transfer server in the Department of Computing Science at 

the University of Glasgow (http://www.dcs.gla.ac.uk/idon~/). The Cranfield test collection, comes with 



standard NL-queries and list of docun~ents that are re le~ant  to each query. Thus it was possible to compare 

CAIRN's performance against that of the test set. These abstracts are of a highly technical nature with man? 

terms that are not in CAIRN's lexicon. Moreover. many of the documents are similar making it difficult for a 

search engine to differentiate between them. 

periodic temperature distribution in a tv o-la! er composite slab. 

11. f. campbell 

nalional aeronautical establishment, o t tm a. onl.. canada 

in a recent contributioil to the reader's fonlm. under the :~bo\  e title. stoncc?pher outlined a 

method for finding the periodic temperature distribution in a two-layer con~posite slab. one 

exposed surface of the slab being insulated and the other subject to a sinusoidal temperature 

\.ariation. perfect thcrnmal contact bet\iecn tllc tilo layers. and constant tllermal properties 

itere assumed. h to  e a r s  ago i d r a t  attention in tllcsc pages to a method for deterrnirling the 

transient temperature in sllch a t ~ o - l a y e r  slab resulting from a triangular heat-input pulse . i 

should like to point out that this samc method also is appl~cablc to the case nhere one 

estenlal face is g i ~  en a sirlusoidal temperature \. arialion \t ith time. the method is based OII 

the  analog^, betneen one-dimensional heat flo\\ and the flow of an electric current in a 

sinlple Lransmission line ha\,ing onlj series resistance and parallel capacitance. 

Figire 8. Sample Abstract from the Cranficld Data Set 

Consequentl! . at first. CAIRN'S pcrfonnance \I as poor (an a\ crage 20 'h  accuracy rate) C h  er successi\ c 

generations (LC. .  nulilirig the queries and ina~luall> rctric\ ing the correct docume~lts. if necessar?, so CAIRN 

could learn nem concepts) CAIRN's perfornlance improj ed to almost a 60'36 accurac! These rcstrlts are 

sho~kn in Figure 9. The slo\\ start to concept learning is explainable. As CAIRN learns I I ~ \ \  concepts, it 

initiall~ docs not give them much credence until it has seen the same concept appearing se\ era1 times in the 

NL-quer?,. This is a user definable threshold that \\as set to 3 (i.e.. don't give a nelt concept much importance 

in retrie\.al until the nev concept has occurred at least three times in unsuccessful searches) It is also 

predictable that concept learning vould plateau since a limited number of NL-queries \\ere being used. It was 

perhaps disappointing that the plateau was not higher than 60°/o 
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Figure 9. Graph of Concept Learning Indicated by % Accuracy 

Thus, it is clear that to achieve a higher success rate it would be necessary to add manv technical terms to 

CAIRN'S lexicon at the outset (i.e.. before the automatic generation of the case index). Concept learning 

certainly helps but for this data set it was not enough. This is the next pnase of the project. Figure 10 shows 

the concepts that CAIRN le'vned fro111 the queries for the abstract shown in Figure 8. 



Q81 Are you interested in cumpus. .. Used 

Figure 10. The Case Editor Showing Learned Concepts 

7. Conclusions 

Our initial evaluation of CAIRN has shown that it immediately performs well on document sets such as the 

Health & Safet! legislation data set provided by Chapman & Hall Publishers, despite the presence of noise in 

the documents. Its tolerance of noise is not surprising, since when CAIRN parses a document it ignores 

anything it does not recognise as a word in its lexicon. More problems were met on highly technical data sets 

such as the Cranfield aerodynan~ics data set. Initially, CAIRNS performance was poor. Even after allowing a 

significant time for failure-driven learning its accuracy was on14 at best tolerable. This clearly indicates that 

for highly technical documents CAIRN'S lexicon needs to be added to. for its performance to be acceptable. 

Whilst it can learn new index concepts and improve its performance through failure-driven learning, it is 

doubtful if users would continue using a search engine that performed so poorly at first. Another significant 

limitation encountered is the size of the data set that CAIRN can feasibly index. Although we have not 

performed a rigorous study, our empirical evidence would suggest that as the data set approaches 5000 

documents the time taken to index the documents becomes unacceptable. When CAIRN produces the case to 

reference the document it seeks to differentiate the new case from others in its index. Thus. as the size of the 



case irtdes ii~creascs the time t'aken to complete this task 1%-ould appear to increase at least geometrically. 

Ho\\.ei.er. dcspite these limitntiorts the approach demonstrated here does show good results with appropriate 

data sets and has met all of our initial requirements. eycept the abilit? to h'mdle many megabytes of data. We 

shall continue to ex~eriment lvith case-based information retrie\.al 
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Abstract 

This paper presents a case-based estimati~~g s> s te~n using a llicrarzhicai case Ieprcsclltatioli a l ~ d  ,i ~or~tc.\ t  

guided retriei-a1 method The perf'onnance of this method is corlipareci to tlrat of a slrrlplc [ la(  lilt 

representation using staildard nearest ncigltbour rctrict (11. The ~ ' s ~ i n ~ a t i o ~ l  of the ~ o i ~ s t n ~ c t i o ~ i  CUS(S of' lighl 

industrial narehouse buildings is used as the test dolllaill Each case iri the s?sterll co~llpiscs i~ppru\~l~r:~tel! 

400 features. These are structured into a llierarchical case represeritation that Iiolds tnore general conte~tual 

features at its top and specific building elerrie~lts a1 its leabes A modified rlcarcst neighbo~~r rctr-!cia1 

algorithm is used h a t  is guided b conte~tual sirniiiirir!. Problclc~s are dcco~ilposed illto s ~ ~ b - p t o b l ~ ~ ~ i s  ; I I I ~  

solutions rcco~nposed into a final solution The comparati~,e results sho~i  that the oontcu guided retric\ al 

lnethod using the hierarchical case representation out perfor~ils the s l ~ ~ ~ p l c  flat file represelltatloll and 

standard nearest neighbour retriei~al 

I(e!words. Case-Bascd Rcasoning. Conte~l  Guided Rctrieixl. Hierarchical Case-Keprcscntation 

1. Introduction 

Representi~lg cases as a set of constituent pieces [Barletta & Mark. 1988. blacedo et a1 . Ici901. \ t i ~ / ~ j , ( , ~ \  

IKolodner. 1988. Rednlond. 1990. S car;) & Na\ inchandm. 199 1 I or footpr.li?ls [Veloso. 1992. BL'II~O CI  ;II 

19941. instead of as a single large entit!. has long been proposed as a \i a! of improt ing the cllc.c~i\ cr~css ul 

a CBR s j  stem These p'uts. 11 hen represented as separate stn~ctured cases. c;m be represe~itcd. retr-ie\ cd a l ~ d  

recon~posed separatel? to create new solutio~~s [Flernming, 1994. Maher & Balchandran. 1994. Bartsch- 

Sporl. 1995. Hunt & Miles. 199.51. Some slsterrls, for e\ample. CADSYN. e~pl ic i t l j  take into account tlic 

contest of a snippet or sub-problem to reduced constraint problems when reconlposing solulions [Maller 8r 

Zhang. 199 1 1. 

Many successful CBR s j  sterns use relati\ el j  simple case rcpresel~tations of attribute-\ alut: pairs storcd 

in flat files or record structures similar to those of a con\ c~ltional database There are good rcasolls (or this 

A prinlag one is. that for man! commercial applications. thc kno\\ledge engirleering ecfort rec1uirc.d lo 

create case-bases lllust be kept to a minimum These cast: representations l r l q  be c1iar:icterised ;IS ~ C I I L : ~  



knowle&e-poor. That is the? do not contain many (or any) structures that describe the relationships or 

constraints between case features. However, these case representations usually describe relatively simple 

cases with few indexed features. perhaps in the order of ten to twenty indexed features. 

As the number of indexed case features increases (i.e.. the number of features that are predictive of a 

case's solution or outcome) the utility of this knowledge-poor approach reduces. As the problenl space 

increases, from say a 20 dimensional space to a 200 dimensional space it becomes statistically less likely 

that a close matching case will exist. Thus. a retrieve and propose CBR system (i.e.. one without adaptation) 

may be proposing a relativelv distant solution. If adaptation is used, the adaptation effort or distance will 

increase correspondingly, possibly reducing the accuracy or utility of the solution. This is illustrated in the 

t~ o figures below. after Leake [p8. 19961. Figure 1, show s. on the left. a relatively small problem space and 

assumes a similar sized solution space. Notice that the retrieval distance (the arrow labelled R) and the 

adaptation distance (the arrow labelled A) are both quite short. As the size of the problem space increases 

( ~ 1 1 0 ~ 1 1  on the right) the retrieval and adaptation distcmces may increase. as shown by the lengths of the 

arrows. 

Moreover. as has been reported by Maher et al. [1995] there is often an inverse relationship between 

the number of cases in a case-base and the number of indexed features in the cases. This is because it often 

harder to collect a few large cases than it is to collect hundreds of small cases. Thus. case coverage is often 

likely to be lower in a large problem space than in a small problem space. This may cause the case-base to 

return a mediocre match that will require considerable adaptation, resulting in poorer solutions. 

A potential solution to this problem is the divide and conquer approach. This suggests that, where 

suitable. a large problem is d i~ ided  into se~~eral  smaller sub-problen~s. each of which can be sol\.ed 

separately using CBR. The sub-solutions can then be combined to produce an accurate solution to the entire 

problem [blaher & Zhang. 19911. A ke) assun~ption for this approach is that the sub-problems are not 

highl! constrained one upon the other. so that thej- can be solved independentlj (i.e.. that the problem can 

be sensibly decomposed and the solution recomposed). T11is approach may be \ isualised as in Figure 2. 
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kvhole problem were represented b! a single case-base. Because each sub-problem space has fcner case 

features, the theory predicts. that each individual sub-case retrieval distance will be shorter than for the wl- 

decomposed problem. Therefore. the adaptation distance will be shorter and a better sub-solution will be 

generated. Assuming there are no conflicting constraints. the recomposition of sub-solutions will produce a 

better solution than would have been obtained by using a single large case-base. One way that has been 

suggested to reduce constraint problems with solution recomposition is to use contextual information to 

guide retrieval [Hammond, 1986: Hennessy & Hinkle. 1992: Kolodner. 1993; Maher et al.. 1995; Marir & 

Watson, 1995: Ran1 & Francis, 19961. The argument being, that if cases share similar contexts. this will 

reduce constraint problems during solution recomposition. 

sub-problem space 

sub-solut~on space 

Figure 2. Problem Decomposition and Solution Recomposition 



'T71e purpose of the stud! presented in this paper \\as to quantitatii el! assess the accurac! of a CBR 

system that uses a hierarchical case representation and contest-guided retrie\.al to decompose a complex 

probleru and reconlpose a solution. The accurac) of this conlples case representation and retrieval 

technique is compared to that of a simple flat record of attribute-\.due pairs using a standard nearest 

~leigllbour retric~al algorithm. The e\zaluation \$ill shoit that the more comples representation and retrie~~al 

method out performs the simpler representation. thereby justifying the knowledge engineering and 

progranlming effort put into it. 

2. The Problem Domain 

For this stud!- \\e selected the csti~nation of the construction cosls of light industrial narehousing as a 

suitable donlain. These buildings are used as storage and distribution narehouses. as low cost retail 

buildings. and as light industrial factory units. The! \I ere suitable for this stud!- for the folio\\ ing reasons: 

Warehouses (are strictly functional buildings n.ith aesthetic issues being \.en. secondan (i.e., t h e  rarely 

\ti11 design pr i~es) .  Conscquentl~. cost is a more important issue than for most other building tjpes. 

They are constructed using steel frames that are produced in standard s i ~ e s  along ni th  many other 

cornponents (e.g.. roofing sheets) that are also produced in standard sizes. 

The buildings are structural1 fairl! simple consequentl! the constmints bet\\ cen different building 

elements are small. This therefore suggested that di\.ided and conquer would be appropriate. 

The cost of a building is d e r i ~ e d  directly from the cost of its sub-assemblies. Thus, the problem 

decon~poses naturall?. This is supported b~ the nay that cost estin~ators usual1 work. They calculate 

the cost of each sub-assciubl! and suin thein to obtain a total cost. 

Finall!,. 1j.e had access to a cost estimating computer s! stein for this building t!pe. This has significant 

n~etl~odological in~poitance and it ill be discussed later. 

3. 'The Case Representation 

The s!sten~. called NIRMANI. \\as inlplemented in ART*Enterprise. from Brightware. on Windovs 05 

[Watson & Perera. 19951 The en\ ironment pro\ ides an ob-ject-oriented knon ledge-based de\ elopment 

cn\ ironment. that supports objects. rules (a fornard chaining Rete algorithm). a procedural programming 

en\ ironment. case-based reasoning (nearest neighbour), a GUI builder. and an ODBC database interface 

(Watson. 19971. Representing cases hierarchicall! is a popular approach to the use and reuse of sub-cases 

( e  g . Red~nond. 1990. Goel. 1093. Aha & Branting, 1995) A building in NIRMANI is a meta-case. 

consisting of a hierarch! of cases and sub-cases. At the top of the hierarch!, is the Prcypct Context case. The 

second le\ el co~~tains  . Ircl7itcc tlrrcxl ( ' o ~ t e x t  and Esti~nntlncq ('onlc~xt cases representing the perspectives (or 

\ iev s) of architects and cost estimators. A third le\ el dccoinposes the design into functional spaces (and 

aesthetic requirements hierarchies J I I ~  the estimating problem into an indusm standard elemental 

classification hierarch! [Perera KL Watson 19961 
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Figure 3. Schematic of the Hierarchical Case Representation 

Each node in the hierarch! is stored in a separate case-base. The cases are stored as records in a 

relational database external to the system since this has the benefit of alloizing a design organisation to keep 

their case data in their eyisting databases [Broun et al.. 199.51. An object hierarch! mithin the system maps 

to the tables in the database and cases are presented (\\hen required) as instances. Cases contain attribute- 

\value pairs as case features. 

A P~.oject C'o~ztcxt case describes the emironment nithin which the pro-ject \\as carried out (features 

such as the t!-pe of building. its intended function. gross internal floor area (GIFA). the site conditions. and 

other features common to the pro-ject contcxt). The second level cases (architectural and estimating) 

describc the contcxt of the sub-problenls. The s>stem prefers to retrie\,e sub-cases t\ ith similar contests 

(i.e.. with similar parents in the hierarchy) in order to reduce problems of case adaptation and solution 

recoi~lposition due to contextual dissimilarit> . 

1 .  

2. 

3.  

4. 

5.  

6. 

7 .  

8. 

9. 

10. 

Value(s) 

Value per project 

Unique integer value per case per case- 

base 

List of cases 

Text 

Text 

Text 

Text 

Text 

Text 

Storage 

Distribution 

Retail 

Attribute 

Case-No 

Number-key 

Source-cases 

Name-of-Project 

Site-Address 

Site-Post-Code 

Client 

Client-Address 

Client-Post-Code 

Type-of-warehouse 

Data Type 

cat-nir.capitols 

cat:integer-or-nil 

default 

default 

default 

default 

default 

default 

default 

catnl:wh-type 



Table 1. A Selection of Attributes from the Project Context Case Definition 

The interface of NIRMANI allows cases to be viewed as attribute-value pairs along with CAD 

drawings and other multimedia elements. It supports case comparison using a tabulated form (similar to a 

spreadsheet). 

Data Type 

catnl:occupier 

catnl:use 

catnl:st-cat 

catn1:regions 

cat:float-or-nil 

catfloat-or-nil 

cat:integer-or-nil 

catnl:months 

cat-nir:yearl983-1998 

cat:integer-or-nil 

cat:integer-or-nil 

catfloat-or-nil 

default 

catn1:contract 

catinteger-or-nil 

cat:integer-or-nil 

catn1:struct-type 

. . .  

default 

default 

default 

default 

default 

Val ue(s) 

Owner occupier 

Tenant occupier 

Developer 

Basic materials 

Completed - goods 

Perishable - goods 

Equipment 

Retail goods 

Electronic - Components 

Re-distribution- Goods 

Flammable 

Non-flamma ble 

Chemical Flammable 

Chemical Non-flammable 

List of regions (BCIS) 

Months 

Months 

f 

List of Months 

1 983-1 998 

f 

f 

Months 

Text 

List of Contract Types 

mL 

mL 

Portal Frame 

Propped Portal- Frame 

Steel Frame & Joists 

Clear span - Frame 

Structural Steel - Frame 

Timber Frame 

. . .  

Text 

Text 

Text 

Text 

Text 

11. 

12. 

13. 

14. 

15. 

16. 

1 7. 

18. 
- - - - - 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

... 

66. 

67. 

68. 

69. 

70. 

Attribute 

Type-of-occupier 

Use 

Storage-Category 

Region 

Construction-period 

Project-duration 

Project-Cost-limit 

Tender-Month 
- - - 

Tender-Year 

Actual-project-cost 

Total-variations 

Completed-duration 

Completed-date 

Ty pe-of-contract 

Gross-Floor-Area 

Gross-office-area 

Ty pe-of-Structure 

...  

Structural-Engineer 

Services-Engineer 

Other-Consultants 

Contractor 

Contractor-Address 



4. Retrieval 

NIRMANI provides a variety of retrieval methods. of which only two are conlpared in this paper. Full 

details of these retrieval methods can be found in Perera & Watson [1996]. ART*Enterprise uses a nearest 

neighbour algorithm \+ ith u eighted features. Its programming environment gives the developer considerable 

control of the algorithm making it a good environment to eylore different retriek-a1 strategies. The t ~ o  

strategies compared in this paper are described belou 

4.1 Default Retrieval 

This is essentially standard nearest neighbour retrieval. The user is allowed to select which features are 

indexed. These Lvill usually be the majority of the features in the Project Contest case (except the 

construction cost) plus some other significant features from other aspects of the building. For example. the 

user may want a glazed curtain ~vall on the front elevation of the building but have no definite views or 

wishes as to the roofing t\pe. The user may set weights on features reflecting their relative importance to 

them. 

In default retrieval an index is prepared dynamically at run-time for those case features entered by the 

user. Feature comparison is camed out as in normal nearest neighbour retrieval. A normalised match score 

for each entire meta-case is calculated and the highest ranking cases are then presented to the user. Only an 

entire meta-case can then be selected for adaptation. 

4.2 Context Guided Retrieval 

Context guided retrieval proceeds in series of recursh-e steps down the hierarchy of the case representation. 

In the first step. the features of the Project Context case (at the top of the hierarchy) are used to retrieve 

similar Project Cont~xt cases from the Project Context case-base. This is done using ART*E's standard 

nearest neighbour algorithm. In the second step. retrieval of cases from the esti~nnting or nrchitecturnf case- 

bases (the next nodes down the hierarchy-) is restricted to those cases that are the children of the cases found 

similar in the first retrieval step. That is. retrieval is limited to those sub-cases that share similar project 

contexts (i.e.. similar parents). This process is repeated all the way down the hierarchy. Retrieval at each 

level is restricted to those cases in a case-base that have similar parents. 

This process reduces the search space by enlorcing contex?ual similarity. However, if a close enough 

match cannot be found at any level (this is more likely to occur at leaf nodes since the number of cases 

included in the search may reduce at each level) then the contextual guiding can be relaxed. This relaxation 

is achieved by back tracking up the hierarchy and reducing the threshold at which similarity is judged 

acceptable for the parent case. This will increase the number of cases allowed into the children's retrieval 

process. This relaxation can proceed all the way to zero, if necessq ,  allowing retrieval from all cases in a 

child's case-base, thus removing the contest guidance completely. 
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Figure 4. Context Guided Retrieval 

5. Adaptation 

Cases are ranked and presented to the user. Users are allobred to select cases and case features for 

adaptation. Note that using the default retrie~al method only sub-cases from one meta-case ccm be used for 

adaptation. Whereas. for contest guided retrie\.al. sub-cases from different meta-cases with a similar 

contest ccm be used. Moreover, using contest guided retriekral adaptation car1 occur at the elemental unit 

lelel of detail. \r.hereas for the default retriekal adaptation occurs at the level of the project contest case 

(i.e.. only the total estimated construction cost is adapted). A modification knowledge-base. containing a set 

of niles. functions and procedures provides the adaptation. In general. adaptation is in the form of parameter 

adjustn~ent tlvough interpolation. For example. if a reuiek~ed case has the feature "Ljloor.finishes" at a cost of 

.'flZ,000" \r.ith a GIFA of --2000r~,". then the adaptation function \rill calculate a rale for floor finishes of 

"f6  per nr- . This rate can then be applied to a new case \I ith a different GIFA but a similar specification for 

floor finishes. 

6. Methodology 

In the 1980s and early 1990s Salford University. in collaboration with the Royal Institution of Chartered 

Sun.e!ors (the RICS is the professional institution for cost estimators in the UK). dek-eloped several 

knokrrledge-based construction cost estimation systems. The first of these. a rule-based system called ELSIE. 

could estimate the construction costs of commercial office developments [Brandon et al.. 19881. In a 

subsequenl development another rule-based system. called ELI. \vas developed for estimating the 

construction costs of light industrial \tarehouse units. These systems are sold commerciall~. by a joint 

venture company. and have sold over a thousand copies u-orld-\vide. 

The RICS commissioned a study to check the accuracy of the s>stems [Castell et al.. 19921, which 

found that their estimates are vithin plus or minus 5% of eventual construction costs. This is well within 

acceptable error and is a good as the rnost experienced cost estimators [Skitmore, 19901. For our study we 

used ELI as both a case generator (i.e.. to produce projects to populate our case-base) as an evaluator 

(i.e.. to test the accuracy of the CBR systems). 



6.1 Case Acquisition 

Details of thirty constnlction pro-jects \\ ere obtained froin the Building Construction Cost Ii~fornlation 

Sen ice (BCIS). an information sen ice for the UK constnlction industn . ELI \\as used to generate a further 

t\+ el\ e hypothetical constn~ction pro-jects. These projects \+ ere carefull? designed to fill in the gaps betu een 

the thirty real pro-jccts from the BCIS. These \\ere then entered into a database that NIRMANI used for its 

case data. The pro-jects generated by ELI \\,ere carefull! designed so as to create a case-base \~.ith an c\.en 

case distribution. Thus. pro-jects \\-ere created \\ hich had a \.ariety of functions (e.g.. d q  goods distribution 

\\arehouses. cold storage ~.arehouses. flanlillable goods storage and distribution. retail \t.arehouses. etc.). 

The pro-jects \,aried in sire consistentl! in graduations of approximatel\- 100 m'. from 1.500 m' to 3.500 m'. 

In addition. a range of constnlction complexity with additional features, such as office space. \\ere included. 

We recognise that this case-base is artificial. We felt that a \\ell distributed case-base should be anal\sed 

before attempting a randomly distributed one. 

6.2 Evaluation 

E\,aluation of the accurac of NIRMANI using the tuo  retrie\,al techniques described abo\ e \\as done in 

three \\ a! s. 

1 .  Cases \\ ith a knoun construction cost that \\ere in NIRMANI's case-base were reino\ ed and used as 

target cases (i.e.. as a ne\\ problem to sol\ e). This \\.auld remoi e a kno\vn case from the well- 

distributed case-base and force NIRMANI to s o l ~ ~ e  the problenl using neighbouring cases. This test \+as 

performed fii-e tiines 

2 Ne\\ pro-jects (i.e.. ones that NIRMANI had ne\er seen) \\ere de\.eloped b~ ELI and hence Me neu 

ELI's estimation of their constnlction cost. These \\ere then presented to NIRMANI as new probleins 

Tor it to estimate. This test \+as perfon~led ten times. 

3 .  Finall!. as a test of both ELI's and NIRMANI's accurac!. real pro-jects (\\ith knoun costs) \\ere 

obtained from the Building Cost Information Senpice and gi\.en to ELI and lVIRMANI to so1i.e. This 

acted as an independent check on the accuracy of both s! stems. 

These e\.aluation inethods are sho\vn sc l~en~a t ica l l~  in Figure 5 .  
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Figure 5. The Case Generation & Evaluation Methodology 

The results from the e~aluation tests were statistically analysed using the coefficient of variation method. 

This technique is widely used as the most common criteria for the determination of the accuracy of an 

estimating method or model [McCaffer. 19751. CV is defined as: 

C'j' = 
Standard Deviation of Residuals (S,) 

Mean Cost of All Schemes - Actual (Ma) 

Thus. C'l'can be ternled as the estimating error where: 

nccurncv = 1 - 96 esti~nnting error 

and therefore: 

7. Results 

A summary of the tests is given below and shown in Figure 6. Exactly the same feature weightings were 

used for both the NN retrieval and the context guided retrieval. 

7.1 Test f 

For test 1 a case was removed from NIRMANI's case-base and used a 'target case. The results of the five 

tests are summarised in Table 2. 



Tahle 2. Results of Test 1 

Test No 

T 1 

T2 

T3 

T4 

T5 

Trio major studies on the sccurac? of estimation in the construction indust? re! ealed that an accurac! 

ranging rrom f I ?% to + 20% [Ashnorth R: Skitmore. 19831 and f 8% to f 15% [Skitillore el a].. 1990] 

are acceptable for e a r l  stage esti~llatiilg or constnlction costs. Therefore. all the estimates using con te~ t  

guided retrie~ al were n ell n ithin acceptable error. H o ~ t  e\.er. the flat representation using standard nearest 

neighbour failed in tests T2 and T5 ( ~ i t h  contest guided retrie\.al the percentage difrereilce Itas also 

considerabl! greater for these two). This nras because the cases in these tuo  tests do not ha\-e close nearest 

neighbours ithin NIRMANI's case-base. The accurac? of the corltest guided retrie\.al is increased because 

it can find nearest neighbours for indi\ idual elements of buildings. hereas the other technique cannot find 

a 1111ole building that matches \\ ell enough. A detailed esanlination of these t n o  tests re\,ealed that the poor 

estimate \\.as caused by a poor match for the substructure. for test T2. and for eltenla1 uorks for test T-7 

Table 3. Cases Contributing to a Solution for Test 1 

Data 

Test No 

T 1 

T2 

T3 

T4 

T5 

For the standard nearest neighbour retrie\-a1 only one entire meta-case c,m contribute to the solution. For 

coiltest guided retrieval parts or different meta-cases call contribute. In Table 3.  the case reference nuinber 

that is underlined and in italics contributed most to the solution 

GlFA 

m2 

2325 

21 38 

2000 

2590 

1500 

7.2 Test 2 

For test 2. ELI Mas used to generate ten nen pro-jects arid to estimate their constnlction costs. NlRMANl 

NN Retrieval 

Office 

Area m' 

11 1 

244 

100 

250 

0 

Esl.imate f 

525,314 

468,750 

678,628 

657,029 

294,636 

Context Guided NN 

Nearest Neighbour 

O/O Diff. 

4.94 

-27.72 

2.81 

10.67 

-26.25 

Estimate f 

499,539 

603,825 

663,129 

592,075 

421,566 

O/O Diff. 

4.94 

-27.72 

2.81 

10.67 

-26.25 

Context Guided NN 

Building 

Use 

Storage 

Retail 

Storage 

Storage 

Storage 

% Diff 

-0.20 

-6.89 

0.46 

-0.27 

5 52 

Contributor 

WHS-A3 

WHS-A3 

WHS-T2 

WHS-C2 

WHS-A4 

O/O Diff. 

-0 20 

-6.89 

0.46 

-0 27 

5.52 

Actual 

Cost f 

500,562 

648,500 

660,100 

593,697 

399,506 

Contributing Cases 

WHS A2*3, WHS-A3*2 

WHS T l ,  WHD-GG1, WHS-A4, WHS-A1*2, 

WHS-A2 

WHS T2*5 

WHS C2*3, WHS-C3*2 

WHS E l ,  WHS-A4, WHS-A2, WHS-T2, 

WHS-GI, WHD-K1, 



was then given the same pro-iects to estimate. 

Table 4 Results of Test 2 

This test gar c consistentl~ si~tlilar estimates with a nlasiruum percentage difference of -2.25% for context 

guided retrieval. How e l  er. the standard nearest neighbour retrieval mas lrlore inconsistent. ranging from 

10.88%) to -73.74'%1. 

Context Guided NN 

Tablc 5. Cases Contributing to a Solution For Test 2 

ELI 

Estimate 

ES 

329,600 

388,500 

486,600 

575,600 

607,400 

663,200 

1,221,100 

825,100 

898,400 

363,700 

Test 

NO. 

CS1 

CS2 

CS3 

CS4 

CS5 

CS6 

CS7 

CS8 

CS9 

CSlO 

Estimate 

ES 

322,177 

391,598 

488,709 

581,639 

606,749 

661,294 

1,233,125 

809,475 

910,048 

369,652 

Nearest Neighbour 

O h  Diff. 

-2.25 

0.80 

0.43 

1.05 

-0.1 1 

-0.29 

0.98 

-1.89 

1.30 

1.64 

Estimate 

ES 

320,773 

430,783 

477,114 

61 4,457 

474,812 

602,832 

809,090 

903,321 

970,686 

326,330 

Test No. 

CS1 

CS2 

CS3 

CS4 

CS5 

CS6 

CS7 

CS8 

CS9 

CSlO 

O/O Diff. 

-2.68 

10.88 

-1.95 

6.75 

-21.83 

-9.10 

-33.74 

9.48 

8.05 

-1 0.27 

Data 

Context Guided NN Nearest Neighbour 

O/O Diff. 

-2.25 

0.80 

0 43 

1.05 

-0.11 

-0.29 

0.98 

-1.89 

1.30 

1.64 

Building Use 

Storage 

Storage 

Storage 

Retail 

Storage 

Storage 

Storage 

Retail 

Retail 

Distribution 

GlFA 

m2 

1,500 

1,750 

2,000 

2,000 

2,250 

2,500 

2,750 

3,000 

3,250 

1,250 

O/O Diff. 

-2.68 

10.88 

-1.95 

6.75 

-21.83 

-9.10 

-33.74 

9.48 

8.05 

-10.27 

Contributors 

WHS A4*5, WHS-F1, WHS-W1 

WHS A4*4,WHS-T2*3, WHS-D1*2 

WHS T I  *3, WHS-T2, WHR-B1 , WHS-A3*2, 

WHR_BB1*2 

WHR B B I 3 ,  WHR-MI. WHS-A4, WHS-A3 

WHS XI *3, WHS-A1 , WHS-A3, WHS-T3 

WHS T4*3, WHS-C1, WHS-C5, WHS-Dl 

WHS AA1*2, WHS-C2*4, WHR-BBI, WHS-W1 

WHR N1*3, WHR-Q1*2, WHR-FF1 , WHR-V1 

WHR N1*2, WHR-Z1, WHR-MI, WHS-AAI, 

WHS-W1 

WHD HH1*3, WHR-V1 , WHS-W1*2, WHS-T2*2 

Office 

Area rn2 

75 

100 

125 

200 

175 

200 

200 

250 

300 

50 

Contributor 

WHS-A4 

WHS-T2 

WHS-TI 

WHR-BB1 

WHS-A3 

WHS-T4 

WHS-C2 

WHR-N1 

WHR-N1 

WHD-HH1 



7.3 Statistical Analysis 

The results from test 1 and 2 were combined (i.e.. n = 15)and are surn~~l~uised in Table 6. 

Table 6. Summary of Rcsults from Tcsts 1 & 2 

Since the sample size na s  less than 30 (i.e.. n = 15). the Students' t Test was used for statistical anal!sis. 

Three tests were c;u-ried out. All n ere carried out initiall! for 9.5% confidence limits. 1s hich is accepted as 

providing statistically significant results. 

1 .  f!vpotl7esis Test I ( I I T I )  

The contest guided retrieval achie\.es a mean accuracy of 98% (LC. 2% error in estimating). In 

statistical terms this means hypothesising a population mean of 2% (p = 2 null hypothesis. The 

Statistic 

Mean 

Standard 

Deviation 

(Population) 

Coefficient of 

Variation (CV) 

T Test 

Co-relation 

coefficient 

Estimating 

Accuracy 

statistical aim of the test is to prove that p = 2 is not possible. H, has to be accepted. because the 

BClS or 

&I 

Cost/mL 

275.92 

55.09806 

h~~pothesis p = 2, or estimating accuracy EA, = 98%. cannot be disappro~ed at a 95% level of 

confidence. 

2. Irvpotl7esi.~ Test 2 fHT 2) 

The same test as HT 1 was carried out to check if the standard nearest neighbour retrieval could 

achieve a mean accuracy of 86% (i.c. 14% error in estimating). The test hypothesis nas, H,: 1 = 

Nearest Neigh bour 

14 Null hypothesis. H, has to be accepted. because the hjpothesis p = 14 or estimating accuracy 

EAF = 86% cannot be disappro\.ed at a 95% le17el of confidence. 

3 .  &pothesis Test 3 (H7' 3) 

The aim of this test is to determine whether the results obtained for the standard 11e;lrest neighbour 

and contest guided retrieval represent significantly different approaches. In statistical terms this 

i11vol1.e testing whether Ule test saillples could be from the same population. In order to achieve 
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2.095961 

97.904034 



these results a "Paired Sample Student' t Test" was carried out. The test hypothesis was as follows: 

H,: p = 0 (The mean of the difference between the two techniques is zero). The test was repeated 

for the differences in estimated values (absolute) obtained from Table 6. T-Tests were carried out 

as for HT 1 for a 95% level of confidence. This found that H, could not be rejected at 95% 

confidence levels. However. at 90% confidence levels H, could be rejected. 

150 , I I I l , I I I I I , , , I , I I I I 

CS1 CS2 CS3 CS4 CS5 CS6 CS7 CS8 CS9 CS10 TI  T2 T3 T4 T5 
Tests 

Figure 6. Summary of Test Results 

8. Conclusion 

The systematic e~aluation of a CBR system is very difficult because such systems are typically very 

complex with many interacting components [Santamaria & Ram, 19961. Consequently. this study has 

simplified the performance of our system down to a single quantifiable measure - estimating accuracy. We 

accept that this measure is a simplification of the performance of our system. Nonetheless, the evaluation 

demonstrates that the context guided retrieval method out performs that of the simpler flat-file nearest 

neighbour method. The only times that the simpler technique performed acceptably were when a problem 

happened to find a close near neighbour within the case-base. When the simpler technique performed badly 

it was because it was unable to find a complete matching case and was forced to use the closest case that 

matched on a subset of features. Conversely, when the contex-t guided retrieval method significantly out 

performs the simpler technique it is because it has composed a solution from many cases. Thus, when a 

close near neighbour cannot be found the divide and conquer approach. using contest guided retrieval, 

performs better as the theory predicts. It is interesting to note that that the simpler technique usually 

recoglises which case can coiltribute most to solution. but. by being unable to use snippets from other cases 



as well. its accuracy is reduced. 

We recognise that this has been a fairly limited study. with a small sample size. We have shown that 

for our tests the contest guided retrieval (HT 1) was accurate. However. there was only a 90% confidence 

that this technique was statistically different from standard nearest neighbour retrieval (HT 3). Because of 

the size of each n~eta-case (i.e.. appros. 100 case features) each single evaluation test took one day to 

perform. Consequently, the number of tests was limited and therefore it would be unwise to rely too heavily 

on the simple statistical analysis performed here. However. the results are indicative and support the view 

that divide and conquer, through problem decomposition and solution recomposition. is an effective method 

of solving problems with large con~plex cases. The contest guided retrieval method evaluated here may also 

be a useful way of reducing the problems of conflicting constraints between parts of the solution. The fact 

that the case-base was populated with an evenly distributed set of cases may have skewed our results. 

Although from the results it would appear that this should skew the results in favour of the simpler method. 

Since it performs better when a close good match can be found, one would expect it to perfom1 more 

erratically with a more unevenly distributed case-base. Finally, it was interesting to see that the case-based 

estimator performed as well as the rule-based estimation system. with a mean error of 2%. The rule-based 

estimator took over three person years to implement. whilst the case-based estimator took less than half that 

time. This further supports the many findings that show that CBR systems ccm be implemented quicker than 

their rule-based counterparts [Simoudis & Miller, 199 1; Mark et al.. 19961. 
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1. Introduction 

This paper will: 

- introduce the COMBEE group. describing its membership. objectives and historical background. 

- describe the information and student exchange achieved to date. 

- outline the development proposals. using conlputer conferencing and Internet facilities. 

2. The COMBEE group 

CONSTRUCTION MANAGEMENT & BUILDING ECONOMICS IN EUROPE 

bringing a pan-European perspective to Construction studies 

COMBEE is a group of European universities sharing a conlnlon interest in the study and 

de~velopment of Construction Management and Building Economics in Europe. 

2.1 The collaborating universities 

The group con~prises: 

RTC Limerick, Ireland 

University of the West of England, Bristol, UK 

Universidade do Porto. Portugal 

Horsens Polytechnic. Denmark 



Chalmers Uni~.ersit!. of Technology. Goteborg. Sweden 

Technical University of Trondheim, Nonvay 

Universite de Nantes. France 

Technische Universitiit Miinchen, German? 

Fachhochschule Potsdam. Germany 

Rheinische-Westfiische Technische Hochschule Aachen, Germany 

Aristotle University of Thessaloniki, Greece 

Hogeschool 's-Hertogenbosch. Netherlands 

Uni~ersitat de Girona. Spain 

Universidad de Oviedo. Spain 

Sein2joki Institute of Technology 

Technical Uni\.ersity of Budapest 

Techni~i l  University of Istanbul 

2.2 Objectives 

The key objective of the COMBEE group is to: 

promote and develop a strong European dimension to the study and research of the sub-jects of 

Construction Management 'and Building Econonlics in the universities of Europe 

Derived from this key objective, the COMBEE group aims to: 

facilitate university degree students to experience, and prepare dissertations, theses and project 

reports on. European coilstruction issues: 

raise the awareness of and access to pan-European cor~stniction information and research for 

lecturers: 

develop a Masters level programme \vith course content specifically focused on European 

construction management & economics. 



2.3 Historical development 

Early 1989 saw another recession loonling in the UK construction industry and uncertain 

opportunities with the impending Single European Market to be implemented in 1992. Good reliable 

information was in short suppl! . 

Three quantity sunreying lecturers at the then Bristol Polytechnic successfully applied for Study Visit 

Grants from the Erasmus Bureau of the European Commission (EC) and began a two-year 

programme of \.isits to EuropeLm universities to find out hou their professional equivalents, 

construction economists. were being educated, being trained and were practising in Europe. 

The Ro!al Institution of Chartered Sun-e?ors and the European Committee of Construction 

Economists (Comite Europeen des Economistes de la Construction - CEEC) helped with contacts and 

the London-based quantit? surveying practice of Gardiner & Theobald pro\-ided further sponsorship 

to extend the number of countries visited. 

For the purposes of the study. the term construction econo~~iist ivas taken to mean a person whose 

primary role or interest is in the management of costs and maximisation of ilalue for money of 

building and engineering construction projects derived from a definition by Michael Hartmann, Vice 

President of CEEC at the time. It was used in its widest sense to include the study of economic. 

legal and managerial issues in the product and process of construction projects from conception to 

completion, together with an appreciation of the effect of those issues on a project's life cycle 

through to obsolescence. 

One interesting obsen.ation was that construction econon~ists 1% ere rarely associated uith faculties of 

Architecture and were most frequentl! associated with faculties of Civil Engineering. 

Funding from the Erasmus Bureau encouraged the formation of a group of uni~~ersities collaborating 

in an Inter-uni\-ersity Cooperation Programme (ICP) to facilitate the exchange of students and 

teaching staff, to promote joint cumculum development and intensive study programmes. 

UWE called a conference \vith Scandinal-ian 'universities in September 1993 and met with other 

unil~ersities in the European Construction Econon~ists Consortium. coordinated by the University of 

Reading. 

Discussions between potential partners took place at conferences at the University of Reading, UWE 

and CIB W55 in Lisbon during 1993. resulting in two ICP applications going fonvard to the Erasmus 

Bureau in November 1993: one in the subject area of Construction Economics and another taking the 

broader church of Construction Management and Building Economics. 

Both applications were successful. but only the latter group has continued beyond the first year and 

has established itself under the title of the COMBEE group. The group continues to grow and has 

this year welcomed the Technical Universities of Budapest and Istanbul as associate members. in 

anticipation of their respective countries futureincorporation into the European Union. 



Conferences of the group have met in Bristol (June 1994), Porto (May 1995), Limerick (April 1996) 

and 's-Hertogenbosch (May 1997). The next meeting of the group is in Munich in March 1998. 

The group is managed by an executive group from UWE Bristol, Limerick, Porto and 's- 

Hertogenbosch. 

This section has given an oven~iew of the historical development of the COMBEE group. The paper 

will now look at the COMBEE group's focus on student and staff exchange under the EC's Erasmus 

programme (now organised under the Socrates Office). It will describe the information support used 

to facilitate and support this, and identify some of the issues and proposals for future collaboration. 

3. Information and student exchange to date 

The development of a joint masters level programme in the subject area of European Construction 

Management and Economics has been identifies as a group aim, but realistically it remains something 

to be worked towards in the longer term. Experience has shown that other courses, for example in 

Town Planning, Real Estate. and Pro-ject Management, have been easier to set on a European basis, 

probably because they are more easily identifiable as specialisms that offer less challenge andlor 

more marketable added value to existing professional roles and their associated academic courses. 

The focus of the COMBEE group has therefore been to establish student and staff exchange as a 

learning vehicle upon which to build further collaboration. Student exchanges within the COMBEE 

are typically for a minimum 3 months period. A brief profile of student exchanges to date can be 

classified as follows: 

1. Dissertation exchange. Usually the dissertation' is the final semester study of a five year 

engineering course and for example, a student from Munich is currently at UWE completing a 

comparative study on early stage cost estimating techniques betweer, UK and Germany. whilst 

two students from Chalmers are comparing the problems faced by subco~ltractors in Sweden, UK 

and Italy. The 1 year sandwich BSc students at UWE are able to combine 3 months of 

dissertation stud?; with 9 months of nork e~perience in Europe during their third year out, and so 

a UWE student is undertaking a conlparative study of WK and French estimating methods. The 

host university provides supen.ision and pastoral support, whilst the home university will 

normally retain responsibility for the final assessment. 

2. Special projects exchange. In some universities the final semester study is more like a practice 

project. So BSc students fi-om Horsens have been to UWE to undertake design and compile a 

priced tender for a civil engineering project in UK. An MSc student from Oviedo is conlpleting 



the design for a factory in Bristol under Eurocodes. Here the assessment has been agreed by a 

joint panel drawn from home and host universities or delegated to the host university. 

3. Taught modules exchange. These are potentially the most difficult to arrange and require a good 

deal of mutual trust and confidence from all parties concerned. Final semester studies may have a 

large element of optional modules and those will provide some flexibility in following a course of 

studies at another university. Thus, for example. a fourth student from Porto is about to follow a 

course of studies at UWE which will give exemption from her fifth year final semeter studies at 

Porto for her MSc in Civil Engineering. UWE's change to a modular programme in 1993 with 

modules completed within one semester has greatly facilitated this. Students are able in one 

semester to follow a mix of post-graduate and final stage undergraduate modules to the equivalent 

of a PG certificate. As the host university retains full authority for assessment and awarding 

credits, it is important in this case for the partner universities to agree to adopt the European 

Credit Transfer System (ECTS). 

4. Student Study Visits. For example. all final year Construction Management and Quantity 

S w e ~ i n g  students at UWE undertake a European Study visit linked to an integrating project 

module. For the last three years UWE has linked with Potsdam to organise joint lectures and 

local project material. 

5. Collaboration on Course Development and Deliven;. Developing from the above have come 

collaborations on: 

Students conferenciilg by e mail to access information e.g. UWE students on the module 

European Property and Development and Construction accessing local information from students 

in Horsens and ~'Hertogenbosch on their respective construction markets. 

Joint teaching on courses. e.g. UWE tutors teaching on the postgraduate Project Management 

course at ~'Hertogenbosch and providing tutorial support by e mail; one week of a five week 

course for the Swedish Telia group onoInternational Project Management delivered at Bristol, 

illanaged by Chalmers. 

Collaboration on development of teaching material. e.g. comparison of UK and German practice 

in cost management for delivery in a course on quantity surveying in Hungary 

The use of e mail. both betv een staff and students has facilitated initial comniunication, organisation, 

exchange of teaching material. tutoring and feedback. Prior to e-mail. it would be fair to say the 

practical communication problems were frustrating at best and truly daunting at worst. 

Implementing ECTS provides a good example of the additional facility provided by the Internet. 

The three key demands of ECTS are: 

1. the infonnatioil package 



2. ECTS credits 

3. the learning agreement 

The information package is required to be updated annually and provided in the home language and a 

second Community language. It should give full general information about the institution as well as 

course specific information. including details of content. teaching, & learning methods and modes of 

assessment. 

Providing this for a handful of students exchanging each year was a truly daunting prospect and 

certainly not environmentally friendly to trees. 

COMBEE has set up its own WWW home page with links to each of its member universities. Many 

of them now provide access to this information via the Internet. Perhaps one of the best examples is 

that provided by Trondheim who have detailed general and course specific information in Nomegian 

and English. Chalmers have more course specific detail on their home pages and now use the 

Internet for communicating with their Lnternational Project Management students. 

Agreeing learning credits and the parlicular learning agreement is then easily concluded using e-mail. 

with the facility to bring the student into the discussions between tutors and provide continuing 

pastoral support. 

Looking back over just three years it seems difficult to believe that originally all communication 

between the COMBEE members was by snail-mail and fax. but during the last year all members have 

come on to e-mail and this is transforming the ease of communication. It is opening up exciting 

possibilities in terms of future collaboration. which will be described in section 3 of this paper. 

4. Development proposals 

Finally. the paper presents proposals for developing and extending collaboration between European 

universities in the subject area of Construction Management & Building Economics, particularly by 

extending existing Intranet development work to the Internet and using computer conferencing to 

develop a network of information and teaching support. 

In May of this year, four members of the group were awarded a Socrates advanced-level curriculum 

development grant to jointly develop modules to contribute to a potentially pan-European masters 

programme, using open and distance learning tools covering topics in the management of the 

construction process. risk, cost, and information. 

A further bid to use telematics in support of open and distance learning on masters level courses has 

been submitted and this project tries to address several needs: 

- creation of an European dimension in the COMBEE subject area 



- exchange of national practices 

- overcoming the costs of physical mobility 

- appropriate to the busy schedules of adult students 

- the internationalization within the EU of construction activities 

The pro-ject aims to: 

- facilitate cooperation between the participating institutions in the COMBEE area and increase the 

number of teachers 'and students invol~red in the European COMBEE courses 

- encourage the use of ODL courses and encourage the recognition of qualifications obtained with 

ODL materials 

- improve the quality education in the COMBEE area.whilst using the best teaching materials 

from the ODL package 

The pro-ject aims to overcome the difficulties created by physical mobility. The virtual mobility 

pretends to overcome the high cost of travelling toanother country and to eliminate the barrier of 

time constraint to fit the schedules of potential users. The schedule constraint is valid for adult 

students that want to improve their skills and for full-time students that otherwise will have difficulty 

in attending just a few courses in a foreign institution. Since the course are available on a wider 

scale it will also increase the choice and consequently the education provided. 

The outcomes of the project are courses in ODL form that can be used totally or partially by any of 

the partners in their own teaching. These are instruction materials to be used in the WWW. in video 

cassettes. electronic mailing and in videoconferences. All will be accompanied by m,muals enabling 

its use in any other institution. 

The courses will be produced in tluee different forms according to the local possibilities. The first 

will be the use of videoconferencing enabling the dissemination of some sessions in a interactive way 

with other participants. The second will be videorecording of classes that can be used at any time 

and any place by other institutions. The third one is the production of teaching materials for the 

WWW in a written and structured form. All these types of courses nil1 need local monitoring and 

learning evaluation. All commu~ications between partners, teachers. monitors and students will be 

done using electronic mail. 

The members have agreed to collaborate on updating for publication a study of the education. 

training and practice of construction economists in Europe using First Class Client conferencing to 

facilitate the collation and final editing of material. As well as a hard copy edition, it is proposed that 

individual members will take responsibility for keeping copy of their own section current on their 

Illtenlet sites. 



Electronic library facilities are developing in several member universities and this will provide 

exciting opportunities to access and exchange teaching material; for example, the second stage Inter- 

professional Development project at UWE is based on the Bristol 2000 Harbourside scheme and the 

300+ students u,ho take this module access the module guide and supporting background information. 

including cuttings from the local press and CIS information from an Intranet web site. 

Software such as Acrobat is providing practical possibilities to easily make other information. such as 

the Potsdam redevelopment proposals. available on the Internet for easy access to home students, and 

for eschange and collaboration on projects between widely spread universities. 

It is also proposed to apply for a LEONARD0 pilot project to facilitate work placements in 

construction management and building economics in Europe; a benefit of a large group being the 

degree of flexibility that can be offered. 

Currently there is no Socrates thematic network in the area of Construction Management or Building 

Economics. To be a credible network, it would need a group of 50 - 60 universities to participate. 

Computer conferencing offers the possibility to assemble and manage such a group within the funds 

that might be available to support it and it is proposed that an appropriate theme for such a network 

would be to establish an information network based on the ECTS requirements, to support student 

and staff mobility with a pool of teaching material and conferencing facilities accessible through the 

Illtenlet using a common agreed set of protocols. 

This paper invites interested parties to contact the authors 

The COMBEE is keen to expand its membership particularly amongst universities in Belgium, 

France and Italy and welcomes enquiries from interested parties. 
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1. Introduction 

In the past decade, parties in Japanese construction - like independent R&D firms and in-house R&D 

department of construction firms - have been involved in developing comprehensive and integrated IT 

systems for construction. 

Large general contractors (GC) and innovative specialist contractors introduced the developed systems by 

using powerful host computers. Large GC established the division to promote the dissemination of the 

developed systems in the firm. Eventually, in large construction pro-jects where intensive automated logistics 

and installation are applied. these developed systems are used intensively. These practices are already 

introduced in articles and papers written in English (Miyatake 1993). 

The comprehensive and integrated IT systems are developed by the initiatives of headquarters. These systems 

are tried to be disseminated from headquarters to each branch and section. It is a sort of vertical (top-down) 

type of R&D. However. these systems are not applied in 'ordinary' projects because; 

These systems require using large scale computer machine which is not available in 'ordinary' 

projects. 

These systems have difficulty in customization for specific need in each project 

These systems are too particular so that these do not assure full conlpatibility in data exchange with 

various software used by other parties involved in pro-jects. 

Not all site office staffs are well trained in operating computer. 

The existence of these barriers suggests the limitation of vertical (top-down) tqpe of R&D. 

Alternatively, in Japan, it occurs the cases that IT tools developed at some project are applied at the other 

project through improvements and customization. It is a sort of horizontal type of R&D. The horizontal type 

is supposed to be another way to disseminate the IT support system for construction management. 

This brief paper illustrates how project base development has the nature of promoting down-sizing of IT 

support systems for collstruction nmnagement. 



2. Need for computer integrated construction management 

In the site offices of Japanese contractors, the following management activities are being implemented bv site 

resident staffs of main contractors. 

Detailed design developments including clarification of ambiguous issues relating to design- 

construction interface. 

Construction planning including: 

'Job package' planning (identification of all site activities and decision making on what 

specialistltrade contractors would do each acti\.ity). 

Scheduling of construction procedures 

Logistics of resources for construction 

Scaffolding and temporary equipment design 

Machinery arrangement 

Site layout planning 

. Budget planning 

Management of subcontractors 

Quality control 

Safety management 

Labour management 

Environmental management 

Resources management 

Document management including permit application and official reporting to the related public 

authorities 

The first item reflects the particular situation of design-construction interface in Japan. Contract drawings do 

not involve enough information for construction. The contract drawings are quite often uncertain and are quite 

frequently changed during construction process. It is usual that general contractors make shop dra~vings and 

production drawings. Moreover site resident staff of general contractors coordinate and integrate the design 

offered from specialist contractors involved in the project. This is a sort of concurrent and cooperative design 

development process (Minemasa, 1996 Yoon , 1996). 

Contractors usually make coordination drawing called as 'Sogo-zu', in order to avoid contradiction between 

drawings made by different parties (Oka, 1996). Moreover, it is usual that original design in contract drawings 

is frequently changed by client or conceptual design team. Eventually detailed design development and its 

management are serious burden for the staffs of main contractors. 

Like in other countries, site office staffs of main contractors in Japan are creating documents, graphics and 

data relating to the items above. They are really involved in heavy 'paper works'. In another word, the 

business to generate and manage information for construction occupies the largest share in management works 

in site. The enormous quantity and complicated interdependency of this information are increasing the need of 



computer integrated construction management. 

3. Initiation of project base development toward down-sized IT tools 

Tokyu Construction is one of second largest contractors in Japan. At the pro-ject to construct 28 stories" office 

building in Osaka. Tok? u Construction developed IT support system for construction managenlent through the 

pro-ject. 

Ingenious director general of site office nell understood the potential of IT tools for improvement of 

management business in site office. There are not intensive supports by research institute and headquarters in 

Tok_co. Thus, independently he decided to develop IT tools to in1proi.e management business in his project. 

All the initiatives were vertically taken by the director general. He is in charge of allocation of budget for 

management under ramp-sum basis contract. though total construction budget were extremely tight. The 

director general had free hand for in\-esting all the resources for developing IT tools specifically used for his 

project. The system he developed is based on local area netivorks (LAN) of personal computer. 

The total system involves tools such as; 

OA tools 

CAD tools 

Databases 

Server tools 

Network tools 

@ Presentation tools 

(Kata4 ama, 1995) 

3.1 OA tools and CAD tools 

l l l e  purpose of developing OA tools is the integration and co-possession of infornlation generated on site. In 

order to make all information electronic all^ exchangeable betueen site staffs and subcontractors. i.arious 

kinds of devices like digital cameras, i ideo monitor cameras and personal conlputers are used. 

CAD tools are used for efficient design data exchange between design firms. the main contractor and 

subcontractors (Yoon Won-ki et.al.. 1996). Moreover. CAD data are used for construction management works 

itself. For example; 

Construction planning 

Site office staffs make drawing on construction planning diagram bv editing CAD data imported 

from design firin and imported ready made CAD graphics of machines from Osaka branch office. 

Erection procedure of steel frames 

Similarity. site office staffs makes diagram of erection procedure of steel frames by edited 

imported data from design firm and subcontractors. 

Procedure of concrete casting 

Positioning devices need for concrete casting norks are espressed on the site layout drawings 



elpressed by CAD data. 

Report on concrete casting 

In general. report on sample test of cast concrete is composed of test and tables. In this pro-ject. 

the report in\.ol\.es dratvings iinported from CAD drat  iilgs tluough cop? and paste procedure 

3.2 Dafabases 

The system in\.ol\,es the follolt ing data base. 

Library of pre\.iously completed buildings 

Libraq of photograph! & \.idea pictures obsen.ed frorn the same vienpoint (dail?. monthly basis) 

Construction ac t i~  ities and procedures are nlonitored and recorded b! L ideo cameras put at the 

fived position in the site (most of them are birds' e!es). These graphic data are sorted b! 

custon~ized graphic data base editablc b personal computer. 

Velocit? of ind 

Velocities of \t ind are rneasured in site. 'The nleasured \ elocities are real-timel? displa! ed in the 

CRT of site office staffs. Moreo~ er obsen ed ~.elocitics are recorded and processed in the 

database. 

Monitoring Typhoon 

Open data supplied b? the \teather forecast agcnc? is used for n~onitoring stonns called as 

T?-phoon 

Database of reinforced bars' installation 

As an evidence for inspection. photogaphs of reinforced bars' installation are taken in Japanese 

construction practices. However. it is difficult to sort stocked photographic data. B! custon~i/ing 

existing graphic data base. all the photographs of reinforced bars' installation were taken b! 

digital cameras. All the photographs in the database can be searched b! parts and places. 

Database of entered personnel into construction site 

In this data base. skills, qualification. information need in casualt! (blood tlpe and so on). 

addresses are recorded for all site operatik es and staffs 

3.3 Server funcfion 

All parties are accessible for specific folders in senler esemplified as belon: 

Folders for message box toifro~n subcontractors 

Folders for format of documents and business letters 

Common folders 

Common folders are con~posed of the follon ing systems. 

Docun~ent managcn~cnt system 

Quality management 

- AcI~ie\~en~ent of concrete casting including the result of perfonnance test of test pieces 



- Achievement of steel frame erection including the record of accuracy of positioning 

- Record of the finishing works 

- Record of the piling works 

Scheduling 

- Total 

- Monthly 

- Weekly 

- Daily 

Construction tplanning document 

Construction planning drawing 

Request of machines and materials to regional branch office (logistics paper) 

Personal folders 

- Instruction document of the works to subcontractors 

- Database of visitors 

3.4 Network tools 

The Network tools are composed of tools as below: 

E-mail 

@ Management of lifts 

The lift of constructed building is the critical path of vertical logistics and transportation. The 

networks tools provide function of reserving lifts to all parties related. In addition, actual usage of 

lifts is auton~atically recorded by sensor installed in the lift. Thus. it is possible to compare the 

request and the actual usage. The comparison is referred in deciding the allocation of time of 

lift's usage for subcontractors. Eventually. it promotes in~proven~ent of efficiency of use of lifts. 

One of the subcontractors reported that the pro-ject gave the intensive motivation to introduce IT tools to their 

firm (Matsumoto. 1997). 

3.5 Presentation 

Presentation function involves home pages and animation to display how the building would be built through 

various construction stages. 

4. Down-sizing in other more 'ordinary' project 

Tools invented in the skyscraper project above gave impacts to other departments and to other regional office 

of the same firm. Moreover. it gave the impacts to the larger firm than Tokyu, where centralized and top- 

down type dissemination of IT tools were promoted more intensively. 



4.1 Down sizing practice 1; 

In the commercial facilities' development pro-ject in Tokyo, the different team of Tokyo modified the 

developed system made in Osaka skyscraper pro-ject. The total floor area of the facility has fourteen floors 

above the ground level and three floors under ground level. The project was smaller than Osaka. 

Consequently, in the process of customization to the specific need in the project. the system was down-sized. 

Like Osaka project, comprehensive local networks (LAN) with one sever (one Macintosh) were installed in 

the site office. 18 personal computers. two monitoring video cameras, printers and faxes are connected by 

LAN. The data filing system used in Osaka was provided to the site management team in this project. The site 

management team modified and revised these data filing system. 

Under the comprehensive LAN. various CIS databases were used for communication between men-lbers of 

construction team. Databases are composed of records. Each record represents personnel, stuff. place or 

activity. The record has various attributes. For instance, the database titled as 'archive of labour management' 

is composed of record representing the activity done by specific trade contractor on the specific date. One 

record has 205 attributes. These attributes are utilized to make docun~ents such as: 

Activity reference sheet where main contractor clarifies the activity of the specific trade on the 

specific date 

Construction works diary 

Labour's statistics 

Safety meeting sheet 

In the Osaka project, these data were utilized by different site staffs. However. quite often. the timing of 

entering the data is overlapped. The improvement of the overlapping problem was the motivation to apply CIS 

database in this project. Different site staffs are able to revise the content of the same database at the same 

time. 

Three types of databases were used. These are: 

Reference database 

All attributes of the records have fix values. These values are not changed by the progress of 

construction works. Basically number of records are not changeable. Reference database is used 

as a reference to the other databases. 

Progress archive database 

All attributes of one record are input to the database by corresponding to the progress of 

construction works. The number of records is increased by the progress of construction Lvork. 

Progress survey database 

One record is composed of the attributes of fixed value and these with values revised corresponding to the 

progress of construction work. Some of the attributes are revised. Basically. the number of records is not 

changeable by the progress of construction works. 



Table 1 shows the list of database used in this project. 26 databases are used in this project. The table 

indicates to which type each database belongs to. The constructor of database in the table means the way to 

enter values of attribute of database. -Single' means one person in charge construct and revise the database. 

'Collaboration' means that plural staffs collaborate to construct and revise the database. 

Database of 'progress of production of precast concrete panels' has links with CAD data. CAD software has 

the function to send attributes data to database automatically. The function provides the benefit to reduce 

manpower to enter the data. because the database has about 2000 records with 10 1 attributes. It also provides 

the benefit to assure concurrence between database and CAD data (N'akano. 1996). 



Table 1: 'The list of database used in the project (Source Katayama, 1996) 

Constructor c Title of Database 

Req~iests of attending inspection procedl~re (to the in-house 

q l lnspec t ion  scheduling 
I I 1 progress ;uchi\.e single 

Type of DB 

q R e q u e s t s  of attending inspection procedure (in the other firnls) 

Progress archive Singlc 

Progress archii-e 

51 

Single 

51 
The list of snbcontractors participating in the project 

~ c ~ o r t  of construction acti~~ity achievement 

Resuest of certification of appointing subcontractors 
I / Reference 

Minutes of regular meeting at site office 

f l m e g u l a r  design coordination meeting 
I I I ~rogress archivc l~ollaboration 

Reference 

Single 

Progress archive 

~ i n u t e s  of regular meeting by all parties in construction team 

Single 

Single 

Progress archive 

Phases I I 

Collaboration 

Progrcss archi\re 

10 1 
Collaboration 

Minutes of regular design coordination n~cctiilg on specific 

The list of submitted documents and drawings 

1 m i ~ r c h i v e  of sent fax I progress archive 1 single 11 I/ 

Progrcss archive 

Progress archive 

Collaboratio~l 

Collaboration 

Archive of achie\,cment of concrete casting planning 

Archive of expended budget per each subcontractor 

Archive of new entries to the construction site 

Archive of equipment and machinery management 

18 Archivc of reinforced bar's arrangement and its inspection lProgrcss a rch i~~c  (single I1 

Progress a rch i i ,~  

Progress archive 

1/17 

Single 

Single II 
Reference 

Progress archi\.c 

Single 

Collaboration 

Architre of labour management 

19 
20 
q l ~ r c h i v e  of logistics 

I I 

(~rogress  archive I~ollaboration 

Progress archive 

Archive of welding betrvecn reinforced bars 

21 
Achievement and progress or making shop drawings Progress archive Collaboration 

of precast concrete panels Progress Survey Collaboration 

Progress of water proofing around pits Reference Single 

Progress archive Single 

Collaboration 

/he checklist of doors and sashes 

4.2 Down sizing practice 2; 

Following the commercial facilities' project. the system was applied in hospital buildings' extension pro-ject. 

The number of site resident staffs of this project is only 10. Through the customization. they made even more 

smaller IT system. These are composed of follotving tools; 

Progress archive 

Archi1.e of parking permission 

Single 

Progress archive 

~cfcrcncel single 

Single 



CAD 

Coordination Drawing (Sogo-zu) 

Shop drawing of building fabric 

. Production drawing 

Drawing of devices and scaffolding 

Scheduling 

Sketches for comparing alternative construction method 

Database 

. Minutes of the discussion 

Daily report by subcontractors 

Record of regular meeting 

Record of questions and answers between involved parlies 

Measured data in site 

Report of sample tests 

Request of machines 

Design management document (date and person in charge and so on) 

Personnel entered to the site 

. Format of report to authorities and parties related to the project 

The site staff of this project give up to manage the single server because there is not enough number of staffs 

to maintain server. Alternatively. they established the network where anyone in the office is accessible to the 

other staffs' machine where information helshe need temporarily need is stocked. This method has the benefit 

to make it clear who is responsible to the specific database. though there are lower data securities. 

5. Potential of communicaiion network among construction team members 

Practices and evolution of down-sizing of IT tools by Tokyu gave impact to researchers and practitioners in 

construction industry. Many of them gave attention to the potential of network communication among 

construction team members. Eventually various prototypes were proposed. 

For instance. Miyabe proposed prototype using HTML (Miyabe et.al. . 1997). The management of interior 

finishing works is one of the difficult area to apply IT. because the activities of various specialist and trade 

contractors are complicatedly correlated. Miyabe experimentally invented prototype IT tools which aid 

concurrent and intensive communication between construction managers and specialistJtrade contractors, 

where HTML software is applied. The IT tool has five kinds of function to notice 'changes' to all related 

parties in construction team through the networks. These functions are; the change of scheduling, the change 

of activities, the rearrangement of specialist and correlated parties, the change of content of shop drawings 

and the changes of other items. All the information is displayed to all related parties through the network. 

Though the prototype need impro~ement in data security function. the prototype proves the potential of 

communication networks among construction team members. This is another example of down sized IT 



support tools for construction management. 

6. Concluding comments 

The practices introduced in this paper suggest the potential of project-base development of IT tools for 

construction. The practices by Tokdvu gave impacts on the other large contractors. One of the largest 

contractors in Japan is now implementing experiments to use project base developed tools in the big project in 

Tokyo, though they have more sophisticated and powerful system developed in R&D department in 

headquarters. The fact indicates the effectiveness and comprehensiveness of project base development of IT 

tools. 

Once the tools are developed in one specific project. it is probable that these IT tools are used in other project 

through customization. This is not the topdown dissemination. This is horizontal dissemination. During the 

process of horizontal dissemination. tools are used in more smaller and 'ordinary' project. In this process, the 

tools are down-sized. 

The facts introduced in this paper confirm that construction is a 'project-based (or at least project-led) 

economic activity (Groak, 1994)'. Practices in Japan provide the lessons that appropriate sized IT tools should 

be applied depending on the specific need in the project. 
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