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Preface

Over the past few years, researchers and sponsors have increasingly turned
their attention to finding ways of improving the construction process. After
decades of neglect, construction processis high on the agenda and will remain
s0, because of the realisation that the scope for improvement is considerable
and the time to make a difference in practiceis long. Indeed, there are no quick
fixes. Sustained improvement can come about only through well-conceived
plans that find acceptance among practitioners, not least clients. Moreover,
concern for the process has to be matched by concern for the product. Consid-
ering one without the other is unlikely to lead to breakthroughs.

In this connection, new management thinking and actions that ignore the
underlying technology and how it is designed, produced, delivered, incorpo-
rated in a building and then maintained will have limited impact. Inevitably,
some new thinking will prove to be lacking, with the risk of a legacy of failed
buildings. For these reasons, the subjects covered by this book are an attempt
to ensure that product-related questions are not overlooked in the search for
answers to improvement in the construction process.

Twenty-one chapters cover many different aspects of the construction
process and, in most cases, explicitly cover their product-related implications.
Even so, they represent a fraction of the subjects that could or might have been
included. The problems to be solved are too numerous to mention, but, at least,
some important steps have been taken and are described by the contributors.
The key directions given to the contributors were: 1) to set their work in its
proper context, and 2) to ensure that the methodological aspects were defensi-
ble and transparent. Construction Process Improvement represents many strands
in the search for better value and a more enduring built environment and, as
such, should appeal to readers with a more holistic concern for the process.

Brian Atkin, Jan Borgbrant & Per-Erik Josephson
Reading, Luleé & Gothenburg
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Chapter 1
Introduction

Brian Atkin, Jan Borgbrant & Per-Erik Josephson

Recognising the importance of process

Modernising the construction sector is a declared aim of many governments
and agencies. Long seen as inefficient and uncompetitive, the construction
process — taken in its broadest sense — has become the target for research
projects and programmes in many countries. One such programme is Swe-
den’s national R&D programme in construction, Competitive Building.

Most research activity has been aimed at the products of construction or
the science and technology that helps create and maintain them. Despite the
considerable investments in building research, many problems remain, costs
continue to rise and customers — building owners and occupants — complain
of a sector that serves them badly. This is a familiar theme and one that has led
to a partnership between universities and industry aimed at improving the
efficiency of the construction process.

The mandate for Competitive Building was clear: improve the process and
raise construction’s competitiveness. The implementation was less straight-
forward. Construction process is one branch of building research that has
been neglected for decades. Placing the case for process-related research high
on the agenda was a task that fell to the leading companies and firms in the
sector, supported by a group of senior researchers from the main science and
technology universities. That case was made and accepted in 1997 against a
detailed programme proposal for collaborative R&D that would address the
construction process. The programme began in earnest the following year.

Creating an effective response
The strategic aims of Competitive Building are to help develop the competence

of the sector’s workforce and to improve industrial competitiveness through a
more efficient process. It achieves these aims through the active co-ordination
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of research projects and the provision of postgraduate, researcher education.
Specific objectives are to:

(1) Develop and renew researcher education within the building sector.

(2) Actasadriver for the sector’s strategically important research projects.

(3) Develop an effective network between the sector’s companies and the
universities.

These aims and objectives reflect the many challenges facing the sector, in-
cluding the expectations of society, as well as the concerns of those engaged
within the sector:

¢ creating buildings with a healthy indoor climate;

* meeting the goal of sustainable development through a life-cycle approach;
e improving architectural quality in order to create excellent buildings;

* increasing productivity and industrialisation; and

* adopting a market-controlled and customer-oriented process.

Success in future markets is foreseen to come from superior products that can
be delivered to demanding environmental, quality, cost and time targets. In
order to achieve these objectives, there has to be a process to fit. Competitive
Building hasbeen set the task, amongst other things, of providing the focus and
stimulation for research that will have direct industrial application. Further-
more, it intends to avoid the risk of missed opportunities for improvement by
placing strategically important research projects within companies. In prac-
tice, this means combining theory with practice in the pursuit of research
project objectives and developing agents of change, i.e. industry-aware research-
ers who are employed by companies to help in implementing the results of
their collaborative research efforts.

Thirty researchers have been recruited to join Competitive Building’s compe-
tence-developing programme to focus on resolving a problem of significance
to an individual company, as well as the sector at large. They are supported in
their work by structured, progressive research education.

Balancing concern for the product with the process

The fields included in Competitive Building are many, reflecting several branch-
esof building research. One thing has become clear and thatis a focus on proc-
ess alone will fail to deliver the advocated changes. Process and product are
inextricably linked, so that consideration of one in isolation from the other is
a recipe for failure. There have been many attempts at bringing about change
in the way buildings are produced, only to fall by the wayside because they
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ignored the product and what it meant to those who had to use those build-
ings. Housing is a prime case. Another example is that of novel products and
systems that are designed and fabricated away from any concern for how they
might be shipped, handled, installed and maintained. One could fill a book
on examples of failures arising from a lack of integration of product and proc-
ess.

Competitive Building is an attempt to address this imbalance by targeting
process improvement, but not in isolation from the product. Many of the
projects within the programme have an obvious attachment to some aspect of
the sector’s products, and as will be shown in subsequent chapters, there are
strong arguments for handling process and product in this way. One of the
concerns recognised by Competitive Building’s programme management is the
risk of working with research results that are too generic or removed from the
needs of industry. A distinct feature of the programme is, therefore, that the
projects, as described and discussed in this book, are a mixture of technical-
and human-oriented topics and of strategic and operational targets. A national
R&D programme has to have clear, strategic goals or targets, but it also has to
baseits workplan ona portfolio of projects that can cover sufficient problems to
achieve results that will impact upon the sector, as well as help to spread risk.
At the practical level, the projects interact through scientific debate, enquiry
and the sharing of experience and knowledge. Much of the latter is due to the
efforts of individual researchers — the contributors to this book — and their
co-workers.

The process to be improved

Concern for the process and how it is expected to align with the demands
increasingly placed upon it has led to its redefinition. This is shown in Fig. 1.1
in a form that will be familiar to anyone engaged in process improvement. It
emphasises three product-related phases: definition, manufacture and use.
There is, therefore, no claim as to originality in this thinking. However, it does
predate many initiatives that have launched into action in recent times. Its
real importance, even its strength, is that those who recognise the problems
afflicting the sector, and who are in a position to do something about them,
accept it. In this way, the figure has provided a useful starting point, as well as
a common point of reference, for the workplan of Competitive Building
Competitive Building’s projects are grouped under two themes: industri-
alised housing for good living and rationalised real estate redevelopment.
Within them are thirty projects of which two thirds are featured here.
Industrialised building for good living (Fig. 1.2) covers:
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Fig. 1.1 A process view of improvement.

Fig. 1.2
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Fig. 1.3 Rationalised real estate development.

¢ customer-focused design;

¢ integrated design and production;

¢ industrialised production methods; and
* customer use and satisfaction.

Rationalised real estate redevelopment (Fig. 1.3) covers:

¢ facilities management;
* building and operations management; and
e commercial environment, communication and learning.

Aims of this book

An aim of this book is to disseminate the results of current research within
Competitive Building and, therefore, bring it to the attention of a wide reader-
ship. The intention has been to create a body of knowledge that provides a
solid point of reference for researchers and enquiring practitioners who wish
to delve into areas that might have application to their work. Each chapter is
devoted to a topic that addresses a problem defined by the researcher and his
or her collaborating company. This is supported in most cases — depending
upon the stage the research has reached — by a description of the research
project, including methodological treatment, tentative results and assessment
of industrial impact. Each chapter contains a literature review, which in many
cases is contained within a separate section. From this review, it is possible to
see where problems exist, where there are gaps in our knowledge and where
there is a good case to be made for the research in question.
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None of these individual contributions claims to solve major problems,
though collectively they represent a serious and targeted research action that
is relevant to the needs of industry. What they do provide is a transparent
account of the approach the researchers are taking to their work. They have
been very open with these accounts, seeing the need to show why they are
going about their research in the way they are. One of the concerns that many
researchers and practitioners share is the lack of reproducibility of research
results. In the natural and physical sciences, it is necessary to show clearly
how the results were arrived at; in the medical sciences, concealment can have
grave consequences. Though we would hesitate to place building research on
quite the same scientific level, we must, nonetheless, aspire to it. Buildings
can bring their own serious consequences, if the product and the process that
delivers it are left unchecked.

Reproducibility of research results is one of ten criteria that we use to define
good research:

(1) necessity and sufficiency;
(2) contextual awareness;
(8) knowledge of the literature;
(4) expression of the problem and goal(s);
(5) methodological transparency;
(6) rigorous application of method(s);
(7) dataintegrity;
(8) reproducibility of the results;
(9) clarity of communication; and
(10) peer-group acceptance.

These are the ideals to which any researcher should subscribe. They have,
therefore, been used to frame and assess the contributions in this book.

Topics addressed

The topics that form the basis for each of the subsequent chapters are drawn
directly from the projects within Competitive Building with the inclusion of one
other that has strong associations with the programme’s aims and workplan.
Eachresearch projectaddresses one or more questions of strategicimportance,
even where the results are expected to contribute to operational improvement.
The context of operational problems cannot be considered in isolation. It must
relate to some strategic purpose or objective for a company or, better still, the
sector at large.

All the research projects described and discussed in subsequent chapters
are the subject of university—industry collaboration. In most cases, industry is
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represented by a single enterprise and in others it is a consortium. Many are
construction companies, but others are design firms, material producers and,
importantly, building owners. Reading of the individual accounts will provide
insights into the very real problems that successful companies face. They are
not pursuing research goals because they are doing badly. They are aiming
to improve their efficiency and competitiveness. Since they constitute some of
the major players in the sector, their influence can be felt widely at home and
also, in some cases, internationally.

Scope and content

The chapters that follow are arranged in a sequence that adheres largely to
the phases in the construction process. There has been no intention to shoe-
horn any of the contributions into a prescribed slot. Each contribution is there
because it has something valuable to disseminate and because it taps sources
of literature that draw from many fields, experiences, cultures and, even, lan-
guages. Thisbook, therefore, makes a distinct contribution by having accessed
literature that other researchers and practitioners will hopefully find useful.

In our first main chapter, Carina Johansson addresses the production of
customised products from standardised parts, which is a common approach
in many sectors in order to create variants of products that satisfy different
customers’ needs. Tobecome competitive and remain so, especially ininterna-
tional markets, the house-building sector faces the challenge of, amongst other
things, creating design concepts that take advantage of advanced manufactur-
ing methods and that are adaptable to local conditions. Adaptability to local
conditions requires knowledge of building traditions and regulations, own-
ers” and occupiers’ preferences and the whole life costing of the building for
the countries affected. A modularisation approachisbeing adopted to identify
how product variance, components’ life cycles, maintenance and replacement
costs and intervals can be used to create concepts for modular building sys-
tems that are adaptable to different countries.

Mats Oberg investigates design and procurement based on whole life ap-
praisal. This is seen as an important step towards improving functional qual-
ity and, therefore, the overall cost-effectiveness of buildings. Empirical studies
support this claim, yet only a small proportion of building projects actually
adopt life-cycle design principles. In this regard, whole life appraisal is exam-
ined by considering design procedures and the nature of the product. The pri-
mary approach adoptslife-cycle costing, life-cycle assessment and service-life
planning within the concept of integrated life-cycle design. Open building may
beregarded as theresulting productand a review of the wider benefits are con-
sidered. A study of multi-family dwellings has explored the practicability of
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this approach in terms of the application of life-cycle thinking during design,
life-cycle cost estimating and accuracy in predicting energy use.

Eva Sterner shows that for construction projects with high environmental
targets, life-cycle cost analyses are useful tools for comparing designs and
for justifying construction and operational strategies from an economic per-
spective. Here, a case study of three buildings reveals how environmental
strategies can affect life-cycle costs. It also shows the importance of a long-
term economic perspective on investment appraisal. Initial, maintenance and
operational costs are established and then compared with the life-cycle costs
of conventional buildings in which environmental attributes are absent. The
results show that the conventional buildings attract the lowest initial cost, but
that operational energy use is significantly higher than in the environmen-
tally-designed buildings.

Dennis Johansson & Anders Svensson discuss the need for the indoor climate
of a building to be appropriate to the intended function of the building. They
stress that it should be of the lowest total cost over the whole life-cycle. Some-
times itis not. The use of life-cycle cost (LCC) analysis on new and refurbished
buildingsis low, especially regarding indoor climate systems. Reasons for this
situation include the absence of technical know-how and tools with which
to perform LCC analyses. Research is addressing the optimisation of indoor
climate systems from a whole life perspective since an energy efficient system
decreases total cost of ownership over the life cycle. Energy efficient systems
are also more flexible and stable over time, offering better functionality and a
healthier workplace.

Veronica Yveris tackles the concern that many people share for the quality
of the built environment. The media are also sensitive to this concern and
are fond of headlining problems affecting buildings. Part of the justification
is a belief that problems are avoidable, perhaps because the same or similar
problems are seen to recur. Knowledge on how to avoid problems is available,
but is not being applied consistently. Methods with which to compare differ-
ent design solutions and foresee the incompatibility of materials, components
and systems are lacking. Tools that designers and others can use to assess the
performance of a building and its components are therefore needed. Require-
ments such as a healthy indoor environment, comfort and energy efficiency
should go without saying. However, estimating various characteristics to pro-
vide easy-to-use and reliable performance indicators during design is missing,.
The research is being directed towards developing appropriate tools.

Stephen Burke argues that architects, engineers and clients often have con-
flicting ideas of what should be considered in the design of a new building.
Theseideasinvariably lead to some compromisebetween the demands of hard
engineering and softer issues, with the potential likewise to compromise on
the physical characteristics and performance of the building leading to some
measure of failure. Examples of failure include high energy costs, health prob-
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lems and structural damage due to moisture, for which the occupant must pay
directly or indirectly. These can also have long-term socio-economic conse-
quences. Current problems and failures resulting from the neglect of building
physics principles are examined and their causes are highlighted. Research
is continuing into the development of tools to help reduce the risks of failure
and to highlight the costs and risks attached to the neglect of building physics
principles.

Torbjorn Hall reminds us that a significant proportion of future building ac-
tivities in many countries will cover the maintenance, upgrading and rebuild-
ing of the existing building stock. This requires knowledge of the conditions
inside buildings and tools for assessment of their state and that of components,
as well as for supporting subsequent design and management activity. These
assessments and tools will, to a large extent, be different from those used for
the design and construction of new buildings. However, some knowledge
will be common to both kinds of building. Before a decision can be taken on
whether to retain, repair or replace components in an existing building, the
physical status of those components must be evaluated. The term component
covers building materials, structural components and services installations
and, therefore, includes entities with generically different characteristics. Re-
searchisexamining methods of evaluation that take account of environmental
conditions, especially those concerning potential emissions of various types.

Niklas Sorensen examines the problems that arise because the construction
process is fragmented into different technical disciplines across different
phases. This leads to a process in which almost every decision is a compro-
mise between two or more actors over various aspects of the process and the
product. Such compromises place heavy demands on co-ordination due to the
complex combination of different technology and systems, each of which may
have to interact in a different way within the building. The primary focus of
attention in the design phase of the process should be the operational phase
of the building and is something that should continue throughout the subse-
quent construction phase. In order to integrate the work of the technical disci-
plines across the different phases, key technical criteria must be established.
These help to pinpoint errors and their cause — for example, a structural prob-
lem stemming from an incorrect mix of competence or an economic problem
arising from an imbalance between short-term investment cost and long-term
operational cost. A study is investigating the causes of potential technical er-
rors and communication breakdowns and some results are presented.

Markus Peterson addresses concerns over the use of cast in situ concrete,
which is widely used in the construction of structural frames for multi-storey
housing. Traditional low-grade concrete, as typically used in housing, limits
floor spans and, in combination with concrete partition walls, reduces flex-
ibility and refurbishment potential. There are also the added complications of
moisture control, withlong drying periods affecting production time and cost.
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Conservatism in the organisation and management of housing contracts also
means that novel approaches to the use of concrete have been limited. Over
the past decade, advances in materials technology, for instance self-compact-
ing and high performance concrete, have taken place. However, much of the
related research concentrates upon the technical properties of concrete, with
few scientific results covering design, production and economic aspects. Re-
search is addressing the potential for self-compacting and high-performance
concrete and the design and production techniques that are required to create
economical solutions that compete well with other materials. Technical and
process-oriented aspects are analysed.

Fredrik Malmberg discusses the concept of competition from a client or
customer perspective, in terms of the search for best value. In recent years,
the number of different procurement methods has increased markedly in
response to this search. There is, therefore, no longer a clear or obvious link
between the lowest price among tenders and the one that might be described
as the best. Newer procurement methods have tended to adopt a more holistic
view to the assessment of tenders, bringing in qualitative methods to identify
the best offer. An essential element in such assessments is defining the means
for measuring best value. This requires that value to the client can be properly
expressed. Research is examining the extent to which different procurement
methods satisfy the call for best value in terms of how well they enable clients
to determine the winning tender. Use is being made of a selection of case
study projects, both as sources of data and, subsequently, for validation of the
research findings.

Kristian Widén contends that the lack of communication and learning in-
herent in traditional approaches to building procurement and co-operation
impacts on the extent of innovation thatis possible. New methods and technol-
ogy do not always find their way into the next project that could benefit from
them. The low involvement of suppliers and subcontractors is held partly to
blame and is a problem that is unlikely to be overcome until radical changes
are introduced to the procurement process. Other changes, such as instilling
a culture of innovation within organisations involved in the process, are also
needed. Arealignment of roles and objectivesisrequired and research is being
directed to these aspects, as well as the wider contractual framework. Research
isexamining the factors thatlead to successful innovation against present pro-
curement and contractual arrangements. A new framework for procurement
that benefits from a continuous pursuit of innovation is presented.

Roine Leiringer highlights that funding for projects that cater for social needs
is becoming increasingly difficult for governments to find. Projects have been
put on hold, as traditional public procurement strategies no longer suffice.
The search for alternative procurement methods has led to the emergence of
public-private partnerships. For the construction sector, these kinds of projects
can involve new ways of conducting work, with shifts in responsibilities and
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risks to the private sector. Much has been claimed as to the benefits of PPP
procurement, including lower project costs, shorter construction times and
higher overall quality in the end product. Research is examining the design
and construction phases for evidence of enablers and inhibitors of innovation,
against the goal of project success measured in terms of an improvement over
traditional procurement. Findings stress the need for clear and practicable
guidelines for construction companies and specialist firms entering into PPP
arrangements.

Anna Rhodin finds that the literature on partnering covers many examples of
empirical work relating to generally large and complex projects mostly in the
US, UK and Australia. Partnering in other settings receives less treatment, but
is considered to be no less valid. Research is examining the grounds for adopt-
ing partnering arrangements on smaller, more conventional project types as
found in many countries. Partnering literature is critically examined and used
to pinpoint the arguments that, on the face of it, exclude smaller projects and,
conversely, those arguments that might supportits adoption. The findings are
supplemented by the results of empirical research based on three projects and
used to establish a more complete assessment of partnering. The focus is on
how the selection process, contract conditions and external environment en-
courage or inhibit the development of effective collaborative relationships in
small- to medium-scale multi-partner arrangements initiated by the client.

Fredrik Anheim argues that, compared with other industrial sectors, the con-
struction sector has experienced consistently rising costs over many years.
During the 1990s, anumber of actions were taken to reduce the high cost level,
including a government-level enquiry. Continuous learning could be one so-
lution in efforts to increase the profitability of companies in the construction
sector. This chapter examines the importance of the project team with respect
to learning within and between projects. The results of case studies show that
building contractors are poor learners. They do not take advantage of the
potential learning effects that are provided through teamwork; furthermore,
they do not set common goals, nor do they apply dialogue or reflection.

Asa Engwall finds that in the dominant literature on construction manage-
ment there is a large concern with tools and techniques on matters such as pro-
ductivity, project delays, procurement and bidding strategies. The literature
does not deal coherently with the subject, presenting a fragmented approach
to the construction process. In practice, the client is rarely placed at the centre
of the process; neither is the user placed at the centre. Moreover, most construc-
tion management literature seldom considers the strategic aspects of a build-
ing project as a whole. In order to address these imbalances, research has been
directed towards the relationships between a building project, its context in
operational and market uncertainty terms and its effect on customer (i.e. user)
and client satisfaction. The key issues are presented through the use of a case
study based on the refurbishment of a major office building.
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Christian Lindfors contends that managing the complexity of construction,
in terms of handling, controlling and directing organisations to perform as
planned on projects, is key to success. Efficiency here will lead to greater cer-
tainty both for the organisation and its client. Furthermore, by eliminating
unnecessary and non-value-adding activities, the client will benefit from a
lower overall cost. Unravelling the complexity of the construction supply
chain is fundamental to the release of better value for money. Achieving
these objectives is no trivial affair and requires a degree of transparency and
process efficiency that is generally not common in construction. A study is
addressing the introduction of process thinking into a construction company
and a structured way of making systematic representation of processes. The
preliminary results point in the direction of a common platform for manage-
ment information systems with a single representation and/or description as
a basis for improving project efficiency.

Peter Samuelsson argues that improvement of performance is crucial if com-
panies are to remain successful in a rapidly changing environment. This is
as evident for construction as for any other industrial sector. Even so, authors
claim that the construction sector is not oriented towards improving its per-
formance. For example, practical applications of continual improvement are
seldom described, and even less frequent are its applications to construction.
Improvement processes introduced in a construction company are outlined
and compared with current knowledge of practices elsewhere that are spe-
cifically intended to bring about improvement. The purpose is to identify key
aspects of improvement processes in construction companies in the context
of continual improvement. A longitudinal case study has been carried out at
Skanska in order to analyse actual improvement processes, and the findings
are presented.

Robert Fekete expresses the concern that the experimental studies of archi-
tects concentrating mainly on design activity may need to be complemented.
Shifting focus to what is being designed from how it is being designed could
contribute to design theory and consequently expand the foundations of com-
puter-aided architectural design (CAAD). Studies of what is designed are best
conducted by reviewing architectural theory and the writings of architects.
The nature of design problems, viewed as wicked problems, supports this
hypothesis. Wicked problems are typically of concern during the early stages
of design, a phase in which today’s CAAD systems have limited application.
Questions should address the real benefits of applying CAAD early in the de-
sign process. Moreover, the concern should be with the properties that CAAD
should have if it is to be of benefit during the early stages of design.

Jan Henrichsén highlights that the communication of concepts between de-
signers and other actors in the construction process has long been a cause for
concern, thoughmuchresearchhasbeen donetoimprove understanding of the
problems and practical ways forward. The use of object-oriented, computer-
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aided architectural design (CAAD) tools and systems has been advocated as a
solution and shows promise of meaningfulintegration of data that can support
collaborative working. Enhancement of CAAD tools to support the simulation
of real world properties and processes is also under examination. Important
in this regard is the use of such tools directly by the client and other project
stakeholders, for instance planning and environmental authorities. A study is
being undertaken to determine how CAAD canbe used to simulate the effects
of a proposed building in ways that relate directly to the needs of stakeholders
other than designers.

Susan Bergsten reminds us that extending buildings vertically is fraught
with technical and managerial problems. Inevitably, many of these types of
building will be located in areas with access restrictions and other physical
constraints on the movement of materials, components, operatives and equip-
ment. The use of light-gauge steel framed systems represents a practical and
cost-effective solution to the problems created by these buildings. However,
materials handling and other logistical problems mean that the construction
process is less than certain. The concept of 4D CAD, which has emerged from
the process-engineering sector, is being increasingly considered for applica-
tions in the building sector where data regarding construction methods,
resources and time are integrated with 3D design information. A major case
study is being used to evaluate the potential for utilising light-gauge steel
framed systems, with support from 4D CAD. Results will include a compari-
son of the benefits over more traditional means for design and construction
management when erecting vertical extensions to existing buildings.

Finally, Ulf Nordwall concerns himself with the challenges faced by archi-
tects, in terms of how to design, within a reasonable, practical and financial
framework, something people will like and enjoy occupying. Research is ex-
ploring the connections between good architecture, housing that is a pleasure
to occupy and effective facilities management. Several questions are driving
theresearch and these include the significance of physical attributes and archi-
tectural design to the pleasure the occupants feel, and the costs and revenues
during the occupancy phase of facilities management. Others address the
architectural attributes that have an impact on the rent paid for an apartment
or house, and are concerned with those aspects that the occupants appreciate,
as opposed to those for which the architect strives. These questions are based
on sets of architectural attributes, used in the research to describe physical
characteristics that influence the facility management of apartment buildings
and the pleasure and comfort that occupants feel. The attributes are durabil-
ity, change, renewal, material, execution and planning. They represent the
tools with which the above research questions have been analysed. The fun-
damental purpose of the research is to gain insight into and knowledge of the
relationship between architects, occupants and housing companies in terms
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of the design of apartment buildings, and the measurable and non-measurable
attributes with respect to the occupants and their needs.



Chapter 2

Modularisation in the Customisation of
Manufactured Housing

Carina Johansson

Introduction

Traditionally, construction work has been considered as alocal activity, requir-
ing local presence, local knowledge and local resources. Huemer & Ostergren
(2000) reveal a changed attitude within two major construction companies.
The strategy for international activities of these companies has typically been
characterised by treatment of each market in isolation. Pressure to respond to
local requirements has forced the companies to focus on local knowledge and
experience, yet they have failed to obtain economies of scale and learn from
experiences within local markets. In their study, Huemer & Ostergren (2000)
find a changing attitude in the perception of being local by not excluding the
possibility of learning from different organisational units and markets.

There is other evidence of a willingness to become more competitive in an
international environment among European construction companies. The
European R&D project, FutureHome, includes industrialists from six countries
(Atkin & Wing 1999). The essence of the project involves developing know-
how to create affordable, high-quality, cost-effective manufactured housing,
taking account of the diversity of styles, designs and materials as well as the
preferences of owners and occupiers; that is, customers who are as diverse as
Europeitself. Among the specific benefits for the European construction sector
arising from this project, there is the possibility of reaching a wide geographi-
cal area for innovative housing products and services.

By creating design concepts for building systems that can generate designs
that are suitable for conditions in different countries and that can take ad-
vantage of advanced manufacturing methods, construction companies can
become more competitive in an international setting. In order to achieve this
position, they would benefit from adopting a modularisation approach to the
manufacture of housing products. The research described is intended to iden-
tify the means for creating concepts and outline designs for building systems
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that can generate a wide range of different designs for adoption in different
countries.

State-of-the-art review
Europeanisation: designing for diverse market demands

The ongoing harmonisation of technical regulations, standards and guide-
lines for quality will affect the whole construction sector in the European
Union, but the Europeanisation process is continuous. Among the benefits, as a
result of harmonisation, Priemus (1998) mentions promotion of interchange-
ability, compatibility and complementarity of components and products; the
utilisation of scale effects; greater freedom of choice for customers as well as
producers and contractors by access to equivalent products. Europeanisation
will first affect the larger construction companies and it is likely there will be
more mergers and acquisitions. Product development in the building materi-
als and products (supply) sector is not tied to a specific project and is therefore
likely to grow more than actual construction as a result of Europeanisation.
Janssen (2000) points out that competition across national boundaries is hin-
dered by institutions and regulations concerning procurement, liability, tech-
nical standards, modes of financing and institutional structures of the actors.
Trans-national contracting often operates, therefore, through acquisitions or
co-operation with indigenous companies. However, Janssen does not argue
against the productive development of the sector that is to be expected from a
higher degree of compatibility and harmonisation.

Producing for an international market includes taking diverse demands
into account. Examples from the literature regarding practice in some coun-
tries suggest that initial and future design choices are not so common. Gann et
al. (1999) compare flexibility and choice in housing in the UK, Finland and the
Netherlands, highlighting some of the issues regarding current practice. The
open system concept as applied in the Netherlands gives customers a greater
choice regarding internal layout, but generally only for those who can pay for
it. The Finnish approach to the open system concept does not usually include
designing for future modification and the flexibility is concentrated in the
pre-construction phase. However, in both countries there is positive attitude
within government, among technical experts and researchers to develop a
more customer-focused house-building sector.

Volume house builders in the UK offer few choices for the customer ac-
cording to Roy & Cochrane (1999). Production ranges are in the first place
defined by type of house, for example terraced house or detached house; by
a small number of architectural styles, and by the number of bedrooms. In-
ternal layout and specifications are mostly fixed for a specific product range.
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The customer can choose kitchen and bathroom finishes, provided that the
order is placed early enough in the building schedule. Companies with an
internal architectare more willing than others to let standardisation step aside
in favour of more customised solutions (Hooper & Nicol 2000). In order to be
able to fulfil diverse customer requirements, Roy & Cochrane (1999) point to
mass customisation and the use of product platforms from which a number of
product variants can be derived.

All choices imply certain initial, running, maintenance and replacement
costs. Gannet al. (1999) comment on the need to inform customers about choic-
es, since housing remains a product where little information is provided on
component life, running and maintenance costs and environmental issues. A
study by Leather et al. (1998) indicates that knowledge among homeowners of
costs for maintenance and repair work is generally poor; at the same time, cost
is an important constraint for how and when maintenance and repair work is
carried out. A component-based approach to the assembly of houses could be
useful, especially if interdependencies between components can be reduced
and elements separated according to different life cycles, making adaptability,
maintenance, refurbishment and recycling easier (Gann et al. 1999).

Open building, standardisation and pre-assembly

Openbuilding was developed as a response to the lack of customer choice and
involvement during the mass housing era of the 1960s. The term open build-
ing describes a set of principles and techniques developed by John Habraken
(Gann et al. 1999).

A central conceptofopen buildingis distinguishing between whatare termed
levels. The three levels of decision-making are the tissue level (planning and
neighbourhoods), support level and infill level (Gann et al. 1999). The support
level or base building is, according to Kendall & Teicher (2000), common to all
occupants and may last for 100 years or more. In a multi-family house the sup-
port level is the load-bearing structure, common mechanical and conveyance
systems, public areas and most of the outer skin. Individual occupants should
not touch the support level.

Kendall & Teicher (2000) explain the infill level as all components specific
to the individual dwelling unit. For a multi-family dwelling these are parti-
tioning, kitchen and bathroom equipment, unit heating, ventilation and air
conditioning system, outlets for power, communication for security, ducts and
pipes and cables that individually service facilities in each unit. For a detached
dwelling, open building distinguishes changeable interior fit-out from the more
durable structure and skin.

Gann et al. (1999) summarise the principles of open building as:
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¢ making different levels of building activity functionally and physically
independent;

* maximising occupier choice by re-engineering the building, its dependen-
cies and lead-times;

* optimising production methods and locations to deliver occupier choice at
controlled levels of quality, using industrialised component systems;

¢ developing information systems that integrate user requirements, design,
cost and production control;

e providing an effective system for delivering and installing occupiers’ de-
sired interiors on site; and

* maximising sustainability in the context of a flexible, adaptable product
and accommodating the recycling of parts.

The idea of open building is well developed but it is not widely used in practice.
Gannet al. (1999) mention some of the reasons for this. There is not an effective
medium or large-scale industrial delivery system with supply chain linkages
through design and manufacture to component and sub-system assembly.
One reason for the slow commercialisation of existing infill systems may be
difficulties adapting design and construction of the structure with the particu-
lar needs of a certain infill system.

Standardisation as described by Gibb (2001) is the extensive use of com-
ponents, methods or processes in which there is regularity, repetition and a
background of successful practice and predictability. The author argues that
even though standardisation and pre-assembly are not new, their application
and drivers need to be considered in the light of current technology and man-
agement practice. The two fundamental drivers for standardisation and pre-
assembly are pragmatism — industry response to an urgent need combined
with lack of resource and perception —and client and public reaction to a pre-
vailing design philosophy. The conflict between maximum standardisation
and flexibility has not yet been resolved. Accurate fit and interchangeability of
components make standardisation work, and hence the most important area
for standardisation is the interface between the components rather than the
components themselves (Gibb 2001). There are three types of interfaces that
arerelevant to off-site fabrication, namely physical; managerial or contractual;
and organisational (Gibb 1999). Physical interfaces refer to those between ele-
ments of the building, while managerial or contractual interfaces occur as a
result of the subdivision of the project work content. Organisational interfaces
refer to relationships between parties involved in the contract.

Modular design, product platforms and product families

Literature provides several examples of modularisation applied in practice
within various types of company and industrial sectors. Baldwin & Clark



Modularisation 19

(1997) mention an example from the computer industry — IBM System/360
— that was developed using the principles of modularity in design. A family
of computers that included machines of different sizes suitable for differ-
ent applications was developed, all of which used the same instruction set
and shared peripherals. IBM succeeded greatly by making the new system
compatible with existing software. The automobile industry and financial
services provide other examples (Baldwin & Clark 1997). The components of
an automobile are manufactured at different places and brought together for
final assembly. It is possible because design of each part is precisely defined.
Services are also being modularised, for example in the financial service
industry. Financial services are intangible and the science of finance is well de-
veloped, which make its products relatively easy to define and separate. As a
result, providers do not have to take responsibility for all aspects of delivering
a certain financial service.

Modularity is referred to as the division of products into smaller building
blocks or modules — see Fig. 2.1. A modular system is a set of modules with
which product variety can be created. Hence, common elements and interfaces
are the platform and all elements and interfaces that together make up the
modular system. The product variants constitute the product family (Black-
enfelt & Stake 1998). The platform is a set of sub-systems and interfaces that
form a common structure from which a stream of derivative products can be
efficiently developed and produced (Meyer & Lehnerd 1997).

This description is focused on the actual product. Meyer & Lehnerd (1997)
discuss a broader view of the product platform concept where the product
platform consists of building blocks. These are divided into four categories.

Variety
modules

Modular

system\

Common
.......................... modules

All
product

product

family

Fig. 2.1 Modular system and product family (Source: Stake & Blackenfelt 1998).
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(1) Insightsinto the minds and needs of customers and the processes of cus-
tomer research and competitive research that uncover and validate those
insights.

(2) Product technologies in components, materials, sub-system interfaces
and development tools.

(3) Manufacturing processes and technologies that make it possible for the
product to meet competitive requirements for cost, volume and quality.

(4) Organisational capabilities, which include infrastructures for distribu-
tion and customer support, as well as information systems for control and
market feedback.

Stake (2000) suggests that a platform can be considered as something that is
common for a range of products and distinguishes between two ways of con-
sidering the product platform:

* The commonality-based viewpoint, which regards the common elements
of the product family to be the product platform.

¢ The resource-based viewpoint, which regards all the common resources
necessary to build the product family to be the product platform.

Product architecture and modularity

Quick and cost-effective creation of derivative products can be achieved when
interfaces between sub-systems of products and between products and users
are defined (Meyer & Lehnerd 1997). The combination of sub-systems and
interfaces define the product architecture and the goal is to make the architec-
ture common across many products. This is the essence of modularity.

A modular architecture is according to Ulrich & Eppinger (2000) a product
architecture in which each physical chunk implements a specific set of func-
tional elements and has well-defined interactions with the other chunks. The
opposite is an integral architecture in which functional elements are imple-
mented using more than one chunk and/or a single chunk implements many
functional elements. Interactions between the chunksareill-defined. Products
are seldom strictly modular or strictly integral. Ulrich & Eppinger (2000) point
out that the product architecture has implications for product change, product
variety, componentstandardisation, product performance, manufacturability
and product development management.

Rising minimum levels of acceptability for product development perform-
ance is a reality in many industries (Robertson & Ulrich 1998). The authors
point out that it is no longer possible to dominate large markets by developing
one productata time and that, increasingly, good product development means
good platform development.
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Modularity is often discussed in the context of product variety. Baldwin
& Clark (1997) mention the explosion of product variants and point out that
modularity can reduce the problems associated with product variety and
manufacturing. This is achieved by increasing the degree of commonality be-
tween product variants at the same time as allowing the customer to mix and
match elements to suit his or her preferences. Modularity provides the assem-
bler with flexibility by allowing for the manufacturing process to be delegated
to many different suppliers, both internally and externally, as pointed out by
Baldwin & Clark (1997).

Erixon (1998) mentions some of the benefits of modular products, based on
case studies of different companies.

¢ A modular design is a robust basis for product renewal and concurrent
development of the production system.

e Short feedback links for failure reports can be secured if the modules are
tested before delivery to the main line.

* Increased modularity of a product leads to positive effects on the total flow
of information and materials from development and purchasing to storage
and delivery.

¢ Combiningamodular design with product planning simplifies the product
development process and planning of corresponding production system
changes.

* Increased modularity leads to a reduction of throughput times. An early
fixing of interfaces between modules allows for product development ac-
tivities to take place at the same time, but separately for each module.

Considering all the advantages with modular products, how is it that not all
products are modular? Baldwin & Clark (1997) point out that it is more difficult
to design amodular system than a comparable interconnected system. The de-
signer’s knowledge and experience play an important role in creating feasible
modular concepts, as it would otherwise be easy to create concepts that are not
workable from a technical or spatial perspective (Erixon 1998). Robertson &
Ulrich (1998) mention two common problems in companies working towards
the creation of product platforms.

The first problem observed is that organisational forces prevent the ability
tobalance commonality and distinctiveness when only one perspective domi-
nates, for example costs for creating product variation. The other problem con-
cerns the dilemma of a balanced team handling platform planning. The team
can go too deeply into details, resulting in the organisation giving up or the
product itself lacking character and integrity. Robertson & Ulrich emphasise
that top management’s participation is needed because making good platform
decisions requires making complex trade-offs in different business areas.
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Dividing products into modules

Several authors have developed methods and tools for modularisation. These
can generally be divided into four categories: methods spanning from market
activities to detail design, methods for starting with a product specification
and ending with a defined product architecture, guidelines for re-use and
commonality, and guidelines for creation of product platforms (Blackenfelt &
Stake 1998). A few methods are briefly described here.

Meyer & Lehnerd (1997) describe a method which is included in the cat-
egory of providing a guideline for the creation of product families. The method
is referred to as composite design, and includes six steps. These are:

(1) establish the goals of the system in terms of performance and price;

(2) classify and analyse the sub-systems of their own design and those of the
competitors;

(3) measure the design’s complexity and those competitors’ products;

(4) index the design and those of direct competitors against standard base-
lines of function and cost;

(5) build in degrees of freedom to accommodate product line expansion;
and

(6) integrate manufacturing processes to achieve lowest cost.

Since it is relatively easy to create many product variants, it is important to
provide only the variants that customers demand. Meyer & Lehnerd (1997)
provide a tool, the platform market grid, to support evaluation of the platform
against different market segments.

Erixon (1998) has developed the Modular Functional Deployment (MFD)
method, which is included in the category of methods spanning from market
activities to detail design. The method includes five steps:

(1) clarify customer requirements;
(2) select technical solutions;

(3) generate concepts;

(4) evaluate concepts; and

(5) improve each module.

The core part of the MFD method is step three, where the module concepts
are generated by evaluating technical solutions against so-called module driv-
ers. The latter are the primary reasons in opting for modularity. Erixon (1998)
has identified twelve generic module drivers from case studies. In addition to
these there may also be company-specific module drivers.
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Development and design

e Carry-over: part of a product or sub-system that can be re-used in a future
product generation.

¢ Technological evolution: a part or a sub-system that is likely to go through
a technological shift during the lifetime of the product family. This can be
caused by, for example, radically changing customer demands.

¢ Planned design changes: the part or sub-system is scheduled to go through
a change according to an internally-decided plan.

Variance

* Technical specification: the part or sub-system varies in terms of function
or performance between the products in the family.

e Styling: the part or sub-system varies in terms of colour and shape between
the products in the product family.

Production

e Common unit: the part or sub-system can be used across the whole product
family.

* Process and/or organisation re-use: the part or sub-system suits a certain
process or has suitable work content for a group.

Quality
® Separate testing: the part or sub-system should be tested separately.

Purchasing

* Supplier available: the part or sub-system may be outsourced.

After sales

¢ Serviceand maintenance: the partor sub-system needstobe easily serviced
and maintained during the life of the product.

* Upgrading: the unit may be replaced for another part with different func-
tion or performance.

® Recycling: environmentally hostile or easily recyclable materials can be
kept apart to make recycling and disposal easier when disassembling the
part or sub-system.
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Stake (2000) illustrates a simple strategic company approach based on a mod-
ule driver profile. Three approaches, which are related to specific module
drivers, are suggested.

(1) Product - the company focuses on either having superior products com-
pared with its competitors or incorporating new technology sooner. The
related module drivers are carry over, different specification, technology
push and planned design changes.

(2) Process - the company focuses on the manufacturing process to achieve
economical manufacturing by, for example, economies of scale. The re-
lated module drivers are carry over, common unit, process/organisation,
separate testing, strategic supplier and recycling.

(3) Customer — the company focuses on the customer by providing product
variety and by emphasising after-sales aspects. The related module driv-
ers are different specification, styling, service/maintenance, upgrading
and recycling. Companies usually combine the approaches and some
module drivers are related to several strategies.

The Design Structure Matrix (DSM) — also known as The Dependency Struc-
ture Matrix, the Problem Solving Matrix and the Design Precedence Matrix
—is a system analysis tool that can be used to represent a complex system. It
achieves this by capturing the interactions, interdependencies and interfaces
between sub-systems and modules. DSM is also a project management tool,
which provides a project representation that allows for feedback and cyclic
behaviour. The DSM method belongs to a category that starts with product
specification and ends with a defined architecture.

Lanner & Malmgqvist (1996) suggest an approach that considers technical
and economic aspects in product architecture design. The developed method
combines two methods for product structuring, one that focuses on the tech-
nical aspects and another that considers economic factors, effectively an inter-
action matrix extended by the score of the economic factors.

Yu et al. (1999) propose a customer-need basis for defining the architecture
of a portfolio of products. A market population is assessed to establish target
values for product features at a specific time and represented as a probability
distribution. The desired values are also assessed for a sample of representa-
tive customers over time and represented as a probability distribution. By
comparing the two distributions for important customer needs it is possible to
pinpoint the type of product architecture a given market population desires.

Whole life costing

Whole life costing is a proven means for measuring how design options affect
the initial and operating costs of buildings. It can be defined as:
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‘the present value of the total cost of that asset over its operating life
including capital costs, occupation costs, operating costs and the cost or
benefit of the eventual disposal of the asset at the end of its life’. (Hoar &
Norman 1990)

The main components of whole life cost are present or future capital sums,
recurring costs (i.e. running and maintenance costs), and a sinking fund to
repay the capital at the end of the life of the asset (Ferry et al. 1999). To calculate
whole life costs, all costs relevant to a project are added to estimate the total
cost. Future costs are discounted to present-day values.

Whole life costing can be used as a decision support tool during the de-
sign phase. In order to perform a whole life cost analysis the adequacy of the
predicted amount and timing of future resources are core issues. Whole life
costing is particularly useful for option selection, for example determining
whether a higher initial cost is justified by a reduction in future costs or identi-
fying whether or not a proposed change is cost-effective against the do-nothing
alternative.

Research project

Scope

This research addresses aspects of internationalisation and customisation
within the house-building sector in Europe, with the aim of increasing un-
derstanding of how to create concepts for modular building systems that can
generate housing designs adaptable to conditions in different countries.
Abuilding system can be modularised in many different ways, depending
on the goals for modularisation and the module drivers that are to be empha-
sised. A systematic approach to support product modularisation is adopted to
increase understanding of how to create modular building system concepts,
adaptable for international markets having differing local conditions; consid-
ering product variance requirements that allow for maintenance, replacement
and upgrading to be undertaken economically over the building life cycle.
The objectives are three-fold.

(1) To describe a framework for a decision process for designing a build-
ing system that supports the achievement of defined targets, based on
customer and company requirements. A modularisation approach to the
design will be adopted.

(2) To test and evaluate the framework for a decision process in a detailed
case study within a company.

(3) Torefine the framework and make recommendations for implementation.
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The level of detail aimed for in the framework described for a decision proc-
ess is intended to allow for identification of conceptual modules, i.e. groups
of design parameters that correspond to the reason for being a module: this is
known as a module driver.

The research is limited primarily to the module drivers of product variance
and after sales, because these are two areas that are judged to be among the
weakest, and for which improvement could yield worthwhile benefits for the
sector, as well as superior products for customers. As required, to allow the
generated framework to produce feasible solutions, other module drivers are
taken into consideration.

Research methodology

The research problem addresses the issue of creating concepts for modular
building systems to generate housing designs that can be adapted to condi-
tions in different countries. The focus is on how to produce design concepts
that can be adapted according to product variance requirements, and that
allow for maintenance, replacement and upgrading to be done economically
over the building life cycle. Potential methods for this research problem can
be found in literature on product design and development, the open building
approach and product modularisation.

Ulrich & Eppinger (2000) describe a generic product development process.
Particular parts of the generic process will differ according to a company’s
specific context. The process is most likely to be used in a market-pull situa-
tion, i.e, a company starts product development with a market opportunity
and uses available required technologies to satisfy market needs. In addition
to this situation several variants are common and correspond to technology-
push products, platform products, process intensive products and customised
products. The process description includes some specific aspects on issues
applicable to the development of product families.

Literature on open building provides insight into the relevance of the princi-
ples and approaches adopted in this research. An essential part of modularity,
product structuring, has several ideas in common with open building This is
exemplified by the open building approaches towards separating the support
and infill levels and co-ordinating and separating the sub-systems. The dis-
tinction of levels and co-ordinating of sub-systems share with modularisation
the notion of defined interfaces to obtain a product structure that allows for
interchangeability of components and facilitates maintenance. Sarja (1997)
describes what he terms open industrialisation — the application of modern
systematised methods of design, planning and control as well as mechanised
and automated manufacturing processes. Openness refers to the ability to as-
semble products from alternative suppliers into the building and to exchange
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information between actors in the construction process. Sarja describes a
method for integrated life-cycle design, and points out that a modularised
systematic approach helps to rationalise design.

Existing methods for product modularisation can generally be divided into
four categories (Blackenfelt & Stake 1998):

* methods spanning from market activities to detail design;

* methods for starting with a product specification and ending with a
defined product architecture;

¢ guidelines for re-use and commonality; and

¢ guidelines for creation of product platforms.

By combining and adapting existing methods, a framework for a decision
process for designing modular building systems, that supports the achieve-
ment of defined targets based on customer and company requirements, can
be generated.

Research results and industrial impact
Tentative results

The literature points to the need for increased customer influence in dwelling
design and to the need for informing customers about the implications on
life-cycle costs for certain choices. International competitiveness is becoming
increasingly interesting in the house-building sector. Producing for an inter-
national market includes satisfying diverse needs. Modularisation is one way
of handling product variety.

There are various methods for creating modular products that focus on
different aspects. Some focus on technical issues, some focus on reusability
of parts across the product family and others include the company’s strategic
concerns. The chosen research approach is, therefore, to combine and adapt
existing methods to deal with the research problem and, in particular, to meet
customer requirements effectively.

The description of a decision process for modularisation, that takes proper
account of customer requirements, can result in a framework to support the
achievement of an internationalised product platform. This would be capable
of producing dwellings with high customer acceptability, while supporting
increased industrialised building. There are clear benefits to housing manu-
facturers, not least in providing economies of scale and the means for satisfy-
ing greater demand.
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Implementation and exploitation

So far, the Europeanisation of the construction sector has been seen mainly in
the context of large companies involved in trans-national projects, such as the
Channel tunnel and Oresund bridge, and those with associated companies
and subsidiaries across Europe. The large majority of European construc-
tion companies — the small and medium-sized - still act mostly locally. These
companies are affected by differences in regulatory requirements and various
kinds of trade barriers that inhibit international trade in their products.

Harmonisation of technicalregulationsand standardswilllead toincreased
movement of construction services and products across the European Union.
A systematic modularisation approach can be of benefit to companies that
operate internationally, as a support for issues such as coordination of manu-
facturing and purchasing of components across its markets. However, there
will always be a question of trade-offs between different aspects of manufac-
turing, assembly, standardisation and the number of choices the customer can
be offered. The framework, which this research intends to create, will provide
a guide for addressing the issue of finding balance between standardisation
and flexibility at the same time as it will allow for generating a building system
that can be manufactured, assembled and used efficiently.

Conclusions

The house-building sector is facing the challenge of meeting the requirements
of the customers in an international market. Literature provides examples of
an ambition among construction companies to become competitive in inter-
national markets and benefit from economies of scale. There are also examples
in the literature of the requirement for house builders to provide more choice
in housing and to inform owners and occupiers properly of the implications
of certain choices on life-cycle costs.

Open building is a concept that provides the owner and occupier with choice
initially, as well as at later stages of the building life cycle. Open building as ap-
plied in practice has so far not provided a wide range of people with choice,
due to factors such as the lack of a medium- or large-scale industrial delivery
system that can contribute to economies of scale, thereby reducing end-user
costs. For housing producers aiming at international markets, creating design
concepts that can be adaptable to local conditions requires many factors to be
taken into account. They must allow for, among other things, building tradi-
tions and regulations, owner’s preferences, and the whole life costing of the
building system and its components.

In order to improve knowledge on how to create a modular building sys-
tem that can generate dwellings capable of being built in different countries,
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product modularisation methods are adapted and applied. Such modified
methods aim at improving the process of generating internationalised build-
ing systems and informing the customer of the implications of choices upon
life-cycle costs.

References

Atkin, B.L. & Wing, R.D. (1999) FutureHome — Manufactured Housing for Europe, 16th
IAARC International Symposium on Automation and Robotics in Construction, Madrid,
September 1999, pp. 573-8.

Baldwin, C. & Clark, K. (1997) Managing in an age of modularity. In: Markets of One
— Creating Customer-Unique Value through Mass Customisation (2000) (eds Gilmore, J.
& Pinell, J.), Boston: Harvard Business School Press, pp. 35-52.

Blackenfelt, M. & Stake, R.B. (1998) Modularity in the context of product structuring —a
survey, Proceedings of NordDesign Seminar, 2628 August, Stockholm: Royal Institute
of Technology, pp. 157-66.

Erixon, G. (1998) Modular Function Deployment, Doctoral thesis, Stockholm: Royal In-
stitute of Technology.

Ferry, D., Brandon, P. & Ferry, J. (1999) Cost Planning of Buildings. Oxford: Blackwell
Science.

Gann, D, Biffin, M., Connaughton, J., et al. (1999) Flexibility and Choice in Housing. Bristol:
The Policy Press.

Gibb, A. (1999) Off-site Fabrication: Prefabrication, Pre-assembly and Modularisation. Caith-
ness: Whittles Publishing,.

Gibb, A. (2001) Standardization and pre-assembly — distinguishing myth from reality
using case study research, Construction Management and Economics, 19, pp. 307-15.

Hoar, D. & Norman, G. (1990) Life Cycle Cost Management. In: Quantity Surveying
Techniques — New Directions (ed. Brandon, P.S.), Oxford: BSP Professional Books,
pp-139-68.

Hooper, A. & Nicol, C. (2000) Design practice and volume production in speculative
housebuilding, Construction Management and Economics, 18, pp.295-310.

Huemer, L. & Ostergren, K. (2000) Strategic change and organisational learning
in two Swedish construction firms, Construction Management and Economics, 18,
pp- 635—42.

Janssen, J. (2000) The European construction industry and its competitiveness: a con-
struct of the European Commission, Construction Management and Economics, 18,
pp-711-20.

Kendall, S. & Teicher, ]. (2000) Residential open building, London: E & F.N. Spon.

Lanner, P. & Malmqvist, J. (1996) An Approach Towards Considering Technical and
Economic Aspects in Product Architecture Design. 2nd WDK workshop on Product
Structuring, Delft, The Netherlands, 3—4 June, Delft: Delft University of Technology,
pp-173-80.

Leather, P, Littlewood, M. & Munro, M. (1998) Make Do and Mend: Explaining Home-
Owners” Approaches to Repair and Maintenance, Bristol: The Policy Press.



30

Construction Process Improvement

Meyer, M. & Lehnerd, A. (1997) The power of product platforms, New York: The Free
Press.

Priemus, H. (1998) The impact of European integration on the construction industry.
In: European Integration and Housing Policy, (eds Kleinman, M., Matznetter, W. &
Stephens, M.), London: Routledge, pp.77-93.

Robertson, D. & Ulrich, K. (1998) Planning for Product Platforms. Sloan Management
Review, Summer, pp. 19-38.

Roy, R. & Cochrane, S.P. (1999) Development of a customer focused strategy in specula-
tive house building, Construction Management and Economics, 17, pp.777-87.

Sarja, A. (1997) Research and development towards sustainable open industrializa-
tion. In: Building Function, Environment and Technology, Proceedings of the Scan-
dinavia—Japan Seminar on Future Design and Construction in Housing, 6—-8 October,
Stockholm: Royal Institute of Technology, pp.71-8.

Stake, R. (2000) On conceptual development of modular products — Development of support-
ing tools for the modularisation process, Doctoral thesis, Stockholm: Royal Institute of
Technology.

Stake, R.B. & Blackenfelt, M. (1998) Modularity in use — experiences from five compa-
nies. 4th WDK Workshop on Product Structuring, 22-23 October, Delft: Delft Univer-
sity of Technology.

Ulrich, K. & Eppinger, S. (2000) Product Design and Development, Boston: McGraw-
Hill.

Yu, J., Gonzales-Zugasti, J. & Otto, K. (1999) Product Architecture Definition Based
Upon Customer Demands, Mechanical Design, 123, 3, pp. 329-35.



Chapter 3

Application of Integrated Life Cycle
Design to Housing

Mats Oberg

Introduction

The construction and operation of buildings has a tremendous impact on the
economy and environment. In the countries of the EU, construction accounts
for, on average, 11% of GDP. At the European level, the construction sector
employs 30 million workers, is responsible for 40% of energy and materials
consumption and generates a similar level of waste (Sjostrom 2000). A sub-
stantial part thereof is related to the user phase, for instance 85% of the energy
use (Adalberth 2000). In April 2001, the European Commission adopted a
proposal for a Directive on energy efficiency in buildings prompted by the
concern that as much as 40% of the CO, emissions in Europe are attributable
to existing buildings. For the purpose of sustainability it is therefore crucial
that the built environment is carefully designed and that life cycle aspects are
properly assessed.

The building sector is faced by the challenges of increasing productivity
and safeguarding or enhancing the long-term quality of its products. Accord-
ing to several investigations and commissions such as the M4I, Movement for
Innovation,* in the UK, and Byggkostnadsdelegationen (BKD 2000) in Sweden, a
reduction in cost of 10-20% and production time of 10% should be achieved
for buildings to ensure the affordability of housing. Increased environmental
consideration is adding other requirements to buildings such as decreased
energy use and improved indoor climate.

Rationalisation of the production process and development of the intended
building product need to be based on a holistic life cycle perspective. Inte-
grated life cycle design (ILCD) is intended for this purpose and is thus a tool
for supporting the pursuit of sustainable development. When considering the
overall impact of the building sector, it is a question of when, rather than if; it

*M4l is a cross-sector initiative aimed, inter alia, at the widespread implementation of
improved processes and product delivery.

31



32 Construction Process Improvement

is generally introduced. The prime obstacle is possibly the fragmented con-
struction process itself, where the designer and/or producer lack interest in
or knowledge about the occupancy (or use) phase. For the frontrunners, ILCD
provides competitive advantage. For the facilities owner and user the advan-
tages are obvious, as they are for those engaged in design, build and operate
contracts. Even those involved in more traditional forms of building procure-
ment can gain from the systemisation that follows from ILCD.

The open building concept is a modular, systematic approach for adopting
and organising the building, that answers to the call for design to be based on
life cycle principles. Experience from successful application of open building in,
for example, Finland, Japan and the Netherlands should be further explored
and is, indeed, examined in some detail in Johansson’s Chapter 2.

State-of-the-art review

Integrated life cycle design (ILCD) involves some methodological factors that
are not generally found in practice within the construction sector today, spe-
cifically life cycle costing, life cycle assessment and multiple criteria decision-
making. With regard to practical applications, it is presumed that the concept
of open building fits the principles of life cycle design. These two topics, ILCD
and open building, are discussed further below.

Integrated life cycle design methods

Life cycle optimisation of products calls for the application of tools for whole
life appraisal and methods to control and organise the decision-making to-
wards multiple criteria. Integrated life cycle design or holistic product development
can be furnished by incorporating three related tools into the traditional de-
sign procedure: quality function deployment (QFD), life cycle assessment (LCA)
and life cycle costing (LCC). Sarja (1998, 2000) has proposed a framework for
ILCD for buildings. His framework outlines the scope of ILCD and identifies
relevant methods and tools - see Fig. 3.1.

Multiple criteria decision-making can be aided by QFD, which is a method
for organising, collecting, interpreting and assessing the client’s needs with
regard to functionality. QFD is used to support product optimisation in the
design phase and has been successfully applied in manufacturing industry
since the early 1980s. Akao (1990) defines QFD as a method for a) develop-
ing a design quality aimed at satisfying the customer, and b) translating the
consumers’ demands into design targets and major quality assurance points
to be used throughout the production stage. QFD is thus a systematic way for
tuning the product’s features to the client’s requirements and for documenting
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Integrated
Life Cycle Design

Detailed Design - Traditional tools

Structural design, building physics,
HVAC-design, acoustics, ...

Fig. 3.1 Framework for integrated design of buildings (after Sarja 1998).

the decisions taken in the design process. It is organised as a set of matrices
that address and define information such as:

(1) clients’ requirements and needs;

(2) product characteristics that are required to match 1;

(3) therelationship between 1 and 2;

(4) results from analysis performed regarding alternative solutions;
(5) opposition between characteristics; and

(6) targetvalues for the required characteristics.

QFD has been tried within the construction sector on an experimental basis,
buthasnotyetachieved any large impactin practice. The International Energy
Agency (IEA) has applied QFD to support the design of eco-efficient buildings
from basic functional criteria: life cycle costs, resource use, architectural qual-
ity, indoor air quality, functionality and environmental loading. Nieminen &
Houvila (2000) report some pilot cases where QFD was used with promising
results, both for the overall design of new buildings and for office refurbish-
ments.

QFD may lead to extensive paperwork with several interacting matrices at
various levels of detail. This may discourage or preventits introduction within
the construction sector. Gargione (1999) mentions the following difficulties:
substantial increase in time expended by the project management team, dif-
ficulties with working with large QFD matrices and in processing the infor-
mation within them. There is, however, no obvious short cut to rational and
systematic design decisions and the challenge will be to adapt the concept to
the needs of the construction sector. Increased industrialisation of the sector
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with more continuous production will probably work in favour of methods
like QFD.

One of the specific tools applied within ILCD is life cycle costing (LCC),
which is used for identifying and quantifying consequences regarding costs
related to a product during its entire life cycle. The term LCC has been defined
by Kirk & Dell'Isola (1995) as:

‘aneconomicassessment of investment alternatives that considersall sig-
nificant costs of ownership discounted over the lifetime of a product.’

Some authors, for example Gluch (2000), refer to the US Army in the early 1960s
for the first application of LCC. It could, however, be argued that the general
conceptand calculation procedures can be traced back to the early 1930s when
methods such as simple payback, net present value and internal rate of return were
introduced within manufacturing industry for calculating the economic re-
sults of investments. In those applications the profit is also taken into account
(Dale 1993). During the 1950s, LCC was introduced into the construction sector
by Stone at the Building Research Establishment in the UK under the name
of cost-in-use (Ashworth 1993). Stone used present values and annual costs to
assess the cash flows throughout the lifetime of a building. LCC replaced the
term cost-in-use in the UK largely through the work of Flanagan & Norman
(1983) who, together with Meadows and Robinson, also published the oft-cited
handbook Life Cycle Costing: Theory and Practice (Flanagan et al. 1989).

The British Standards Institution released BS 3811 in 1974, describing the
life cycle phases from design to replacement, that fits well with the concepts
of LCC (and LCA). Further development of the method continued in the UK
during the 1980s promoted by The Royal Institution of Chartered Surveyors
(RICS 1980; 1986). There is also a Norwegian Standard, NS 3454, Life cycle costs
for building and civil engineering work — Principles and classification published by
the Norwegian Council for Building Standardization.

In Sweden, public buildings have been analysed using LCC techniques
since the 1970s (Arthursson & Sandesten 1981). This has applied primarily
to investments regarding refurbishments and technical equipment. Sterner
(2000) describes the experience of whole life costing (LCC) in a case study com-
prising 54 Swedish users. The two top-ranked constraints regarding use of the
method were found to be experience and input data. In terms of reliability, the
respondents believed that LCC estimates were either mainly or in some way
correct in 80% of cases.

Rutter & Wyatt (2000) argue that LCC is seen only as a tool for initial deci-
sions regarding design options and that there should be a firmer link between
original intentions and subsequent implementation. To illustrate the point,
the term LCC should be replaced by whole life costing However, the underlying
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argument is rather weak, as there is nothing that prevents the inclusion of the
implementation phase in LCC.

LCA isamethodological parallel to LCC aimed at quantifying environmen-
tal aspects. Among the early applications of LCA were the Midwest Research
Institute and the Coca Cola Company that in a study from 1969 compared en-
vironmental load and resource use for different types of beverage containers.
In the 1970s, as a result of the oil crisis, focus was on production and the use
of energy. The development of LCA was closely related to a limited number of
persons and institutions such as Boustead (UK), Franklin (US) and Sundstrom
(Sweden).

The next phase in the development of LCA occurred during the 1980s when
it was acknowledged that physical locations for the deposition of waste mate-
rial were restricted. This stimulated an interest in recycling and reuse. By the
early 1990s, LCA gradually appeared more generally and the method became
standardised within the ISO 14040 series. SETAC, the Society of Environmental
Toxicology and Chemistry, has coordinated this work and developed a code
of practice (SETAC 1993).

A large number of LCA studies regarding building products and systems
and also entire buildings have been undertaken. There are many critical
aspects to consider; for instance, cut-off criteria, allocation, data quality,
functionality and weighting methods. These issues can usually be treated
appropriately when working with the application of LCA internally within an
organisation for product or process improvement; the method is a good tool
for this purpose. When comparing products of different character, for exam-
ple steel, concrete and timber, any conclusion must be very carefully judged
and so the requirement for transparency is very high. These problems are
apparent in a report by Andersson (1998), who examined four different LCA
studies, initiated by organisations using competing materials for producing
waste water pipes. The results were divergent and the lesson to be learned is to
be critical of any statement ranking the environmental impact of significantly
different products.

The linking instrument between LCA and life cycle design is primarily
the EPD (Environmental Product Declarations). Type Il EPD, which are third
party assessed declarations according to ISO 14025, are based on the inven-
tory part, life cycle inventory, of an LCA. Type Il declarations — self-declarations
according to ISO 14021 — are also often based on a life cycle inventory. A com-
plete and up-to-date set of EPDs, preferably of the type 111, for the assurance
of reliability of building products and systems, is a key enabler for integrated
life cycle design (ILCD).
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Open building

Open building supports strategies for programming, design, production
planning and facility management in organising buildings physically into
different layers. These extend from the entire urban fabric (tissue), over the
building frame (support) to fit-outs of components and systems (infill) and fi-
nally furnishings, fixtures and equipment (FF&E). The key features are design
for flexibility and appropriate longevity and disentanglement of systems. The
modular approach of open building allows for systematic optimisation of the
target service life, life cycle cost and environmental aspects of different parts
of a building (Sarja 2000). One important idea about open building is what can
be referred to as mass-customisation. During the 1960s, the effectiveness of the
production of multi-family dwelling buildings in Europe rose dramatically.
This development was, however, founded on an extreme production-orien-
tation with large-scale projects and high repetitiveness. The attitude today
towards this kind of built environment is generally negative. Open building
promises similar productivity but irrespective of project size, and with a high
degree of architectural freedom. Open building should fitin well to the concepts
of lean and agile production as well as supply chain management, which are
regarded as critical to successful production within manufacturing industry.
These concepts are gradually finding their way into the construction sector.
Agile production is more open to customisation than lean production and
should thus be preferred to avoid problems of over-uniformity.

The initiator of open building was John Habraken of the Dutch Foundation
for Architects’” Research (SAR), which published two important reports: SAR
65 (Basic method for designing residential supports without predetermining the size
or layout of dwellings) and SAR 73 (A methodology for the design of urban tissues).
SAR also introduced the modular system now generally employed by the
construction sector. By the mid 1970s, Habraken moved to MIT in Boston to
head the architectural department. The most significant publications regard-
ing open building from Habraken are: Supports: An Alternative to Mass Housing
(1972) and The Grunsfeld Variations: A report on the Thematic Development of an
Urban Tissue (1981).

A current example of open building from Japan (Yashiro 2000) is a system
for up to seven-storey, multi-family dwelling buildings. The building frame
(support) consisting of concrete columns and beams is designed for 200 years,
which is extremely long for Japanese conditions, and was in this case con-
sidered as reasonable in the context of assuring sustainability requirements.
The spatial composition of the interior is highly adaptable and even certain
concrete floor slabs may be removed. All technical service systems are easily
accessible for exchange or repair.

Kendall (2000) has presented a comprehensive overview on the theory and
the practical application of residential open building The examples indicate that
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thereisa critical and sometimes rather diffuse line between mass-customisation
and mass-production, and that care must be taken to avoid repeating the over-
industrialisation typical for the large-scale residential projects of the 1960s.
Many architects and city planners are profoundly sceptical of construction-kit
systems that are geared primarily to satisfying the requirements of the pro-
duction phase. Flexibility in design in regard to planning and aesthetics and
between and within projects is crucial to the implementation of open building

Research project
Project description and objectives

Integrated life cycle design (ILCD) is being applied to concrete multi-family
dwelling buildings to verify how long-term characteristics such as economy,
function and ecology canbe predicted and optimised from the priorities given
for a specific project. By doing this it is expected that the overall functional
quality of the building over the entire life cycle can be enhanced.

The ILCD of a building involves a large number of aspects or parameters
that are more or less interrelated. For example, minimised use of energy is
beneficial with regard to cost, but may affect the indoor air in a negative way to
the extent that energy is reduced by decreased ventilation. Several functional
aspects canbe expressed by classes, such as sound insulation or insurance (fire
safety), with a minimum standard stated in codes. Some aspects, for example
stability, are strictly defined by codes. Other characteristics such as flexibility
or aesthetics are more difficult to define. On the other hand, external environ-
mental (ecological) aspects and economy can be regarded as functions of the
particular design chosen to fulfil the fixed/classified requirements. Thus the
function of ILCD is, first, to set all relevant quality requirements and, second,
to optimise the design with regard to economy and ecology. Ranking of differ-
ent aspects should be up to the individual project. Special tools, such as QFD,
support the process of multiple criteria decision-making and the applicability
of such methods in building design will be particularly assessed within the
research project. A common currency of ecology and economy will be used
to make those aspects comparable and will be examined. Energy use can, to
a certain extent, quantify ecology. Saari (2001) uses this simplification when
assessing total buildings. It is acknowledged that energy use does not cover
the entire environmental field. Even so, recent investigations based on LCA
confirm that energy use during the user phase is the most important environ-
mental aspect regarding the built environment (BK 2001). A second reason for
this simplification is that complete, robust and reliable environmental data
on building products is only available for a limited number of products and
materials, making any detailed LCA for complete buildings problematic.
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The introduction of life cycle design into the routine of design isnot a trivial
matter. It is anticipated that new integrated IT solutions, including CAD and
quantity surveying, can be expanded with life cycle design tools and thatboth
data and systems could also be utilised in a logical way within the facilities
management phase. Feedback of information to the design team would then
be secured, so that the oft-debated link between designer, supplier, producer
and user will be reinforced. Thus, the inconvenience of changing and intro-
ducing new design routines is compensated by improvements of the entire
construction process. This issue will be examined within a full-scale demon-
stration project.

Research methodology

Methods for ILCD are under review and, where appropriate, refined before
being verified and then finally applied in a full-scale project. Prediction mod-
els and data covering costs and energy use are being collected. A select set
of tools has been calibrated with actual figures from field studies of modern
multi-family dwellings. Deficiencies in the models and data have been defined
and improved, where necessary. Methods of multiple criteria decision-mak-
ing such as QFD have also been reviewed and the possibility of integrating an
assessment of life cycle aspects in an effective way within the regular design
process is now being explored. Alternative technical solutions will be theo-
retically examined by using the tools referred to above and possible improve-
ments with regard to LCC and energy use will be quantified.

Adaptations of cast in situ or prefabricated concrete structures to the prin-
ciples of open building will be explored and the project will be concluded with
a full-scale demonstrator that will be constructed with the aim of meeting
the functional quality required by the client. This will reflect a high degree of
flexibility regarding both production and use and then optimised with regard
to LCC and energy use.

Case study: research results and impact

Quantification of results

The research has shown that LCC can be applied in the design phase to as-
sess total costs for alternative design solutions with a reasonable degree of
accuracy. The ratio of production to operational costs over the life cycle for
multi-family dwellings is roughly 45:55 (Johansson & Oberg 2001). According
to Griffin (1993), 50-80% of the total cost will occur during use. Furthermore,
alarge part of the total present value of costs is dependent on the design of the
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building, as shown in Fig. 3.2. This indicates that there is a large potential for
cost saving from careful design. The most significant operating cost catego-
ries, energy and periodic maintenance, have also substantial environmental
impacts for which life cycle optimisation is beneficial.

It should be stressed that over recent decades roughly half of all investment
in the residential building market in the EU (with small regional and annual
variations) is attributable to reconstruction (SCB 2000). Such a statistic surely
underscores the importance of adopting a life cycle perspective.

Both sufficiently accurate tools for the prediction of energy use in buildings
and detailed information on the need for periodical maintenance for different
materials and systems are available for making LCC assessments. In Table 3.1,
examples of periodic maintenance data are presented and, in Fig. 3.3, a life
cycle cost comparison of three different facade designs illustrates the impor-
tance of considering the operational phase. The timber fagade has the lowest
production cost, but if life cycle costs are considered the concrete alternative
is more economical. Table 3.1 could be expanded with environmental data for
each activity. Note that there are often secondary effects of a certain design
choice, such as insurance or heating costs, which need to be taken into account
and these are shown in Fig. 3.3.

Preliminary results from desktop studies show that the energy use in resi-
dential buildings can be cut by 3% using simple measures. This corresponds to
an annual release of 300 000 tonnes of CO, for Sweden’s house building sector.
Given a socio-economic value for CO, emissions of 0.16 €/kg (Véagverket 1999)
this is equivalent to €48 million.

Capital costs. Development <« Maximum
Administration Minimum

Waste disposal

Water supply
Property Tax
perty Tax ) _ N
Electricity, common [ Dependent on the
i design of the building.
Heating 70-80% of the total
Insurance present value

Capital costs. Production
Periodical maintenance and repair
Care-taking

I T T T T 1
0% 10% 20% 30% 40% 509

Fig. 3.2 Present value (relative) of life cycle costs for four different residential buildings ac-
cording to Johansson & Oberg (2001).
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Table 3.1 Periodic maintenance costs (*according to SABO (1999) and **according to Johansson
& Oberg (2001)).

Cost per Present
Interval*  activity* value** Annual cost**
Facade type Maintenance activity ~ (years) (€/m?) (€/m?) (€/m?)
Brick Overhaul joints 40 135 50 1.60
Timber panel Repaint 7-10 65 230 7.40
Timber panel Exchange 35 345 145 4.70
Concrete panel Repaint 14-20 60 82 2.70

Calculated life-span:
60 years

B Periodic maintenance

% O Insurance*

Bl Heating*
(4 Initial cost

Present value, relative,
for alternative facades

* Relative additional
cost compared to
alternative with lowest
cost

A
NN
Al

0% T T
Brick Wood panel Concrete panel

Fig. 3.3 Life cycle cost comparisons of three alternative facade designs.

Implementation

Inrelation to the potential advantages provided by ILCD, a possible drawback
regardingincreased design cost due to added procedures should be negligible.
LCC and LCA could be naturally integrated in the routine production cost
calculation from the early programming phase through the subsequent de-
sign phase. There are interesting opportunities for adding maintenance plans
and other aspects of facilities management that would reduce the information
gap between designers and clients. Feedback from the operation of buildings
could be conveyed back to the designers to refine the data they use for ILCD
calculations. The development of integrated IT solutions will facilitate the
process issues but there are also administrative aspects that must be consid-
ered such as the opportunity to collect and access life cycle data through a
common database.
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Conclusions

Life cycle aspects should be addressed to a greater extent in the construction
sector. The impact of the built environment regarding, for instance, energy
use, waste streams and economy justifies a serious effort in the design phase
to optimise certain characteristics of a building over its life cycle.

The tools and data for LCC calculations and for predicting energy use are
available. Data regarding environmental aspects for products, namely Envi-
ronmental Product Declarations, are being prepared. Methods for multiple
criteria decision-making and ideas about rationalisation and integration of
design and production canbe imported from manufacturing industry. Several
cases, for example applications of open building, show that the potential savings
regarding economy, as well as the environment, can be significant and that
improvements in function can be obtained through the adoption of life cycle
design.

One barrier that must be overcome is how to introduce life cycle design
into the regular design process in a practical manner. It is anticipated that
new integrated IT solutions can be expanded with life cycle design tools and
that the data and systems could also, in a logical way, be utilised in the facili-
ties management phase to bring much added value. Feedback of information
to the design team should then be secured and the oft-debated link between
designer, supplier, producer and user could be reinforced.
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Chapter 4

Life Cycle Costs of Commercial
Buildings — a Case Study

Eva Sterner

Introduction
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The environmental impact of buildings should be considered from a life cycle
perspective since impact arises at different points; for example, when raw
material is extracted, when materials, components and products are manu-
factured, when the products are used and then handled after use, and during
transportation in all these stages. Different environmental loads are involved,
but operational energy use is considered to be the largest single source of en-
vironmental impact from a building (Ecocycle Council 2000). The European
Parliament has published a draft directive on the energy performance of
buildings (Council of the European Union 2001). The purpose of the directive
is to promote improvement in the energy performance of buildings, taking
into account climatic and local conditions as well as indoor climate require-
ments and cost effectiveness. The directive concerns, among other things, en-
ergy certification of buildings and is likely to increase further the importance
of energy reductions.

To highlight the relevance of energy use in buildings, Adalberth (2000)
examined the life cycle energy for seven new residential buildings in Sweden
and found that approximately 15% of total energy use was embodied energy
and 85% was related to the operational phase. Similar conclusions are made by
Cole & Kernan (1996), who examined the energy use for typical office build-
ings in Canada with a projected life of 50 years and found that 80-90% of
total energy use was related to operational energy. When operational energy
is reduced, for example through efficiency improvements, embodied energy
becomes the dominant factor. Conclusions from a study in Australia of an
environmentally-designed, commercial office building show that embodied
energy is significant relative to operational energy use (Fay et al. 2000; Treloar
etal. 2001). Clearly, both operational energy use and embodied energy should
be reduced.
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Reduced energy use has an effect on costs while other aspects of environ-
mental building design can be difficult to promote without showing that costs
are not substantially increasing. Barlett & Howard (2000) undertook a survey
among quantity surveyors in the UK, and found that energy-efficient and
environmentally-designed buildings were believed to increase initial cost by
5-15%. According to Barlett & Howard, however, the additional costs for an
environmentally-designed building should not have to be more than 1%. The
misconception over cost can stem from comparing high-profile buildings with
conventional norms for building costs. Furthermore, a direct economic com-
parison of environmentally-designed and conventional buildings is difficult
to perform as the environmental buildings often have a higher standard, using
more exclusive materials, and lower maintenance costs. Basing cost appraisals
on a life cycle perspective, rather than focusing on the initial investment cost,
can be a way of establishing a better overview of all the costs and lead to more
environmentally aware design.

This chapter reports on the life cycle cost of three new commercial build-
ings with high environmental targets, presented as a major case study. In par-
ticular, the effects of initial costincreasesinrelation to operational cost savings
are addressed and compared with conventional buildings. The objectives of
the study are to examine how the life cycle costs for the case study buildings
differ from equivalent, conventional buildings where no explicit environmen-
tal consideration is taken.

Methodological considerations

Performing a life cycle cost analysis of a building requires the collection of
a variety of information. Initially, a visual inspection of the three case study
buildings was undertaken, followed by a meeting with the architect, to com-
prehend the planning and design process adopted and the approach to the
environmental features. Further meetings with the contractor and the con-
sultants for the services installations followed in order to obtain information
about the construction work, the heating and ventilation system, and their
associated initial costs.

In order to establish the maintenance cost and other annual costs, such as
cleaning etc,, all interior and exterior surfaces were calculated from original
drawings. Future provision for maintenance was estimated according to in-
tervals given in REPAB (2000), that also provides recommended values for
annual costs. The energy use for the buildings was obtained from the consult-
ants, based on the first year of operation and verified through calculations
using the energy analysis program ENORM (Equa 2001), which is commonly
used by authorities, consultants and contractors in Sweden.
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Calculation of the present value of future costs was performed using a
standard computer spreadsheet tool. For comparison, information on initial
and operational costs for buildings of an equivalent size, without explicit envi-
ronmental consideration, was obtained from the investor and the tenants.

Case study description

The case study buildings are collectively referred to as Greenzone and were
designed, by Anders Nyqvist Arkitektkontor AB, to include three commercial
facilities. The buildings are located on the Swedish east coast, in the city of
Umed, and were completed in the spring of 2000. Umea is situated at a latitude
of 64° and is subject to 4800 heating degree days annually (Abramson 1982).

The tenant of Building 1 offers various services related to automobiles. The
building floor area is 3350 m? and includes offices, a car workshop, storage and
sales areas split between two floors. Figure 4.1 shows the south-facing facade
with an 80m? sun-catcher heating the incoming ventilation air. The east facade
consists of large window areas to reduce the need for electric lighting. On all
three buildings, a green roof, i.e. a roof with a layer of plants, is used to hold
rainwater and to cool thebuildings in the summer. For the purpose of compari-
son, the tenant provided data for a conventional building (Reference building
1) of an equivalent size located in Ornskéldsvik, 150 km south of Ume& and
also on the east coast.

The tenant of Building 2 (Fig. 4.2) is an oil company that provides various
services for motorists. The building’s floor area is 590 m? and includes a sales
area, a grocery store, a car wash and a petrol station. The energy demand for
freezers, refrigerators and the car wash is greater than the energy requirement
for heating and ventilation. For the comparative study, the company provided
data on a conventional building of an equivalent size and floor planlocated in
Hudiksvall, 350 km south of Umeé (Reference building 2).

Fig. 4.1 South-facing fagade of Greenzone Building 1.
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Fig.4.2 Greenzone Building 2.

Building 3 (Fig. 4.3), which includes a fast-food restaurant with kitchen and
staff areas, has a floor area of 310 m* The energy demand in the building is
largely represented by electricity for ventilation, grills, deep fryers, refrigera-
tors and freezers. For the comparative study, data were obtained for a conven-
tional building of an equivalent size and floor plan located in Harndsand, 250
km south of Umead (Reference building 3).

All buildings are designed to reduce environmental impact, when com-
pared with conventional buildings. Some general examples of environmental
strategies are reusable building material, minimisation of construction waste
and techniques for saving energy, water and electricity. The structure of the
buildings has been designed to enable future reuse of material by making
them easy to dismantle. A section of the wall and roof structure is shownin Fig.
4.4, where materials were selected for their environmental design qualities.

Other aspects that have a bearing on the environmental design of the
buildings are, for example, windows made from heartwood frames, which is
supposed to extend their life; and daylight, which is allowed to pass through
these large window areas to reduce the need for artificial lighting. Daylight
is also introduced through lantern skylights that are built into the roof. In

Fig.4.3 Greenzone Building 3.
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70mm green roof
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@———fﬁ—j-{f—— Wind protection
SRS 45 x 70mm joist s600
o 13 gypsum board

Fig.4.4 Section of wall and roof of Greenzone buildings.

order to reduce the need for water, extensive work has been carried out in the
surrounding area where creeks have been created to collect and purify sur-
face water. The groundwater level at the site is high, making it possible to use
groundwater forirrigating the area as well as supplying low water-consuming
vacuum toilets and the car wash.

Energy conservation

Several measures have been taken to reduce energy demand in the buildings.
One important aspect is the recovery of heat; another is the use of different
sources of energy, including ground-source technology, recycled surplus heat,
solar energy and heat pump technology.

Heating and cooling is delivered partly by a ground system of five holes
drilled down to 150 m below the surface and connected to a heat pump. The
heat pump has an efficiency factor of 3.3, i.e. for each kWh of electricity used
for operating the heat pump 3.3 kWh of heat is produced. The heat pump is
connected in series to an electrical boiler that is used to add additional heat
during peak periods. The heat pump is, however, expected to cover 95% of the
energy demand for heating.

Culverts connect the buildings and are used to recycle surplus energy. This
is collected from heated coolant water from the refrigerator system in Build-
ing 2 and from grills and deep fryers in Building 3. A sun-catcher is installed
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on the south-facing fagade of Building 1, heating the incoming ventilation air
during the period September to May.

In Building 1, heatis distributed by an under-floor heating system; in Build-
ing 2, a small area of under-floor heating is used, together with radiators; and
in Building 3, heat is supplied solely by radiators since under-floor heating is
ineffective when the window area is large.

In order to determine the reduction of energy needed for heating the new
buildings, for comparison with conventional buildings, calculations were
provided by the HVAC consultant — see Table 4.1.

For Greenzone, the total energy demand —indicated by purchased electric-
ity — has been measured over a full year from 1 April 2000 to 31 March 2001.
For the conventional buildings, data on annual electricity consumption was
obtained. For the Hudiksvall and Harnésand buildings, heat is provided by
electricity to convector air heaters. In the Ornskéldsvik building, district heat-
ing and radiators are used. Table 4.1 shows the energy performance of the
buildings.

Table 4.1 Energy demand for Greenzone and the conventional buildings.

Case 1 Case2 Case 3
Operational energy GZA1 Ref 1 Gz2 Ref 2 Gz3 Ref3
Floor area (m?) 3350 4800 590 590 310 310
Energy for heating
District heating (kWh) 0 675000 0 0 0 0
Electric heat pump and boiler 53596 0 62010 0 34222 0
(KWh)
(KWh/m?) 16 141 105 0 110 0
Electricity
(kWh) 210000 500000 432290 600000 318878 450000
(kWh/m?) 63 104 733 1017 1029 1452
Total energy demand
Electricity (kWh/m?) 79 104 838 1017 1139 1452
District heating (kWh/m?) 141

Costs are shown in SEK (€1 = SEK 9.02)
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The electricity needed for the daily operation of the buildings is assumed to
have little or no dependence upon the actual design of the buildings, with the
exception of electricity for lighting and ventilation. Lighting need is reduced
for all Greenzone buildings due to the lantern skylights and motion sensors.

The energy demand for the buildings is based on measured values repre-
senting a normal year. Buildings 2 and 3 are electricity demanding, but since
waste heat is produced only a small amount of energy is needed for heating.
The energy for heating has, therefore, not been separated for Reference build-
ings 2 and 3 in Table 4.1, but is included under common electricity for these.

Life cycle cost analyses

The life cycle costs of an asset can be defined as the total cost of that asset over
its operating life, including initial acquisition cost and subsequent running
costs. The major life cycle cost components are, according to Flanagan & Nor-
man (1983):

* capital cost, I, i.e. initial cost, including site costs, design fees and building
cost;

* operating cost, O, i.e. annual costs including cleaning and energy;

* maintenance cost, M, i.e. annual costs and costs for replacement and altera-
tion; and

* salvage value, S.

Of these costs, it is only the initial cost that is calculated as a present value,
while the other costs are first calculated then discounted to present values
to provide a common base in time. The total cost in equation (4.1) below is
calculated as the sum of the initial cost and the present value of operating and
maintenance costs for the selected period of analysis (Bejrum 1991).
- 1
LCC—IO—SN+§(O,+M,)-W %)

The life cycle cost evaluation performed here is defined to include initial
costs, maintenance and operational costs. The life span, N, is assumed to be
50 years since the economical life is normally set to 40-50 years. Also, Swed-
ish building codes for structures use 50 years as the typical life of a building.
Many buildings have, however, a significantly longer technically useful life.
The salvage value, S, represents the net sum to be realised from disposal of an
asset at the end of its economic life, at the end of the study period or whenever
it is no longer to be used (Ruegg 1978). If salvage value occurs at the end of a
long study period, it tends to have relatively little weight in the analysis, due
to the diminishing effect of the discounting operation. Therefore, salvage is



Life Cycle Costs of Commercial Buildings 51

not included in the evaluation. Finally the discount rate, 7, has been set to 4%,
which has been selected to correspond to the long-term cost of borrowing
money. The discount rate is a major factor of uncertainty and can be varied in
a sensitivity analysis.

Initial cost

Initial cost is the investor’s cost that arises directly from the project, including
the cost of land, acquisition fees, design team fees, demolition and site clear-
ance, construction costs and furnishings. For Greenzone, initial construction
costs are calculated from invoices supplied by the general contractor. Design
costs and costs for services installations related to heating, electricity etc. were
provided by the HVAC consultant as a lump sum, and have been divided be-
tween the buildings in proportion to their construction cost. Figure 4.5 shows
the distribution of initial costs.

The dominant elements of the initial costs for the Greenzone buildings are
building cost, services installations cost, and land and site costs, represent-
ing 47%, 27% and 17% respectively. The building costs for the three reference
buildings were compared with those in Greenzone. A cost increase of 5-17%
has been found. These increases can be traced to higher services installation
costs due to: interaction of the heating and cooling system, making it possible
to use surplus energy; installation of vacuum toilets; facades of screwed tim-
ber panels (instead of nailed panels); wood fibre insulation in exterior walls
and roofs; a layer of plants on the roof; lantern skylights; plants to purify the
indoor air; and the sun-catcher. Also, the land and site cost is higher than for
conventional buildings, because of extensive work in the area surrounding
the facilities.

Building cost f=iiiih L ]
Installations cost Frr ™1 ]
Land and site cost feT="=I."."]
] GZ 1
Design and const. adm. [T=[.A1

i N GZ2

Sub contractor fees || 7 GZ3
0 10000 20000 30000

(SEK/m?)

Fig. 4.5 Distribution of initial costs for Greenzone buildings.
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Operational cost

The operational cost of a typical commercial facility is mostly represented
by the variable costs of energy and cleaning and, to a lesser extent, by fixed
costs such as rates, insurance, security, and management or administration.
Maintenance of the grounds, buildings and services installations, which is
performed annually, forms part of the caretaking or facilities management
function which, along with refuse disposal, administration and insurance,
is assumed to have little or no dependence upon the design of the buildings.
These costs are deemed to be the same for both the Greenzone and conven-
tional buildings. The data required for calculating these has, for the most
part, been estimated here by using published statistical data from REPAB
(2000). As shown in Fig. 4.6, the energy costs representing the total amount
of electricity purchased, followed by cleaning, are the most significant of
the annual costs. Of the energy cost, approximately 25% is used for heating
and ventilating the buildings. For Building 3, the costs of water and refuse
disposal are relatively large because of the nature of the activities in the
building.

Maintenance cost

Maintenance needs should be kept under constant review to ensure that the
building is in an acceptable state of repair. The cost of repairs and replacement
can vary widely, depending on the state of the building and how users look
afterit. In the early days of use, costs are less than when the building hasbegun
todeteriorate (Flanagan & Norman 1983). The costs for maintenance have been
classified into:

* envelope (external walls, roof, windows and doors);
* internal finishes (walls, floors, ceilings, windows and doors); and
* mechanical and electrical system (heat pump, boiler and ventilation).

Ontheassumption thatno substantial reconstructionis undertaken, the main-
tenance of the main structure can be omitted since the structure’s life is the
same as the analysis. Also, the effects of modernisation and adaptation of the
buildings are not included. For remaining elements, the frequency and cost
of replacement was found in REPAB (2000). The present values of the mainte-
nance costs are shown in Fig. 4.7.
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Fig. 4.6 Annual operating costs for the Greenzone buildings.
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Fig. 4.7 Present values of maintenance costs for Greenzone buildings at a 4% dis-
count rate.
Whole life cycle cost

To determine thebuilding’s wholelife cycle cost, a period of analysis of 50 years
was used. A discount rate of 4% was selected as this corresponds to the long-
term cost of borrowing money. Initial costs were calculated as a lump sum,
present value occurring at the beginning of the base year. Operational costs
are evaluated as lump sum amounts at the end of each year and discounted to
present values. One other simplification is that maintenance costs are assumed
to be equal for Greenzone and the conventional buildings, even though some
differences doexist. Itis also assumed that the price attached to operations and
maintenance will change at about the same rate as prices in general, i.e. they
will remain the same over the study period. Costs for maintenance are treated
as a lump sum at the end of the year in which they are estimated to occur. The
life cycle cost and each of the included costs are presented in Table 4.2.
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Table 4.2 Comparative present values of costs in SEK/m2.

Cost

Greenzone Conventional buildings

GZ1 Gz2 GZ3 Ref 1 Ref 2 Ref 3

Initial

Energy (PV) 784 8351 11353 2612 10137 14469
Other operations (PV) 1486 2645 5823 1486 3810 5823
Maintenance (PV) 239 536 678 239 536 678

Life cycle cost 12562 29124 40757 12692 30663 40970

10053 17592 22903 8355 16180 20000

Table 4.2 shows that the present value of the whole life cycle cost for the
environmentally-designed buildings is approximately in the same range as
for the conventional buildings. From the life cycle cost assessment perspective,
the environmentally-designed buildings represent a better proposition than
the conventional buildings. The energy used for heating and ventilation of
Reference building 1 has been calculated and a reduction of costs of 60% has
been found. If looking from a whole energy use perspective, the reduction of
costs for heating and ventilation is of minor significance to the more energy-
demanding tenants, although they are significantly reduced. The initial cost is
dominant over the operating and maintenance cost for the environmentally-
designed buildings, but for the conventional buildings operating and mainte-
nance costs are close to initial costs.

Conclusions

The results of the study show that the environmentally-designed buildings are
in the same cost range as the conventional buildings, if adopting a life cycle cost
perspective. This shows the importance of using a longer investment horizon
in order to justify higher initial costs, which for the conventional buildings are
5-17% lower. Costs for products with environmental design qualities can be
higher, but with increasing demand and better competition between manufac-
turers this market distortion can be corrected. The operating costs for Green-
zone are lower than for the traditional buildings examined in the study. This has
a significant effect on the total life cycle cost. To a large extent, energy reduction
isinthehands of tenants, although real incentives for reducing consumption are
not yet present. For environmentally-designed buildings, the operational costs,
especially related to energy, are significantly lower than the initial investment
costs at somewhere in the region of 58—84% of the total life cycle cost.
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Chapter 5

A Life Cycle Cost Approach to
Optimising Indoor Climate Systems

Dennis Johansson & Anders Svensson

Introduction

Anindoor climate system must fulfil some important functions. It must meet
its design criteria, which means correct temperatures and cleanair asrequired.
Additionally, the system must consume the least amount of resources as pos-
sible from both an economic and environmental perspective. Asa generalrule,
the construction sector in Sweden consumes about 40%, or about 154 TWh, of
the total energy used in the country (Energimyndigheten 2000). A major part
of this is used to provide buildings with the necessary energy for heating and
cooling. Another factor is that the design of indoor climate systems has been
overly focused on initial or capital costs and less on operating costs.

With a life cycle approach, both the environmental and economic perform-
ance of the indoor climate system could be improved. Today, there is a lack of
knowledge and tools for determining life cycle costs. Research is therefore
needed. This chapter discusses how to create a model for life cycle cost (LCC)
analyses of different indoor climate solutions and discusses the need for such
amodel.

State-of-the-art review
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In order to create the right indoor climate system, it is important to decide on
what people demand from their indoor climate. Ideas for establishing meth-
ods and devising tools for LCC analyses are also important. Here, the ongoing
research as well as the existing tools will be discussed. In order to optimise
the costs from the client’s perspective, a life cycle approach is needed to deal
with wholebuildings or even several buildings and their locations, the tenants
involved, social systems, migrationand so on. Tosolve sucha problem requires
that life cycle analyses must be subdivided into smaller, more manageable
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calculations. It is important to decrease the complexity, but still keep the big
picture in view.

First, research dealing with ventilation is reviewed. Second, life cycle costs
for the building, as well as indoor climate systems, are discussed. The last sec-
tion deals with examples and the impact of ventilation on work performance
and health.

Ventilation principles and functionality

The basic types of ventilation systems available today include natural ventila-
tion, mechanical exhaust ventilation and mechanical supply-exhaust venti-
lation. The latter can incorporate a heat exchanger. Natural ventilation uses
thermal driving forces and wind pressure. It works best in the wintertime, is
very quiet and needs little maintenance. Problems with this system can in-
clude weather dependency and the difficulty of controlling ventilation rates.
In some cases, it is impossible to achieve sufficient airflow rates. Natural ven-
tilation is less common in today’s design, but mixed systems known as hybrid
ventilation are increasing and a number of research projects are investigating
their performance.

Mechanical exhaust ventilation draws air from outlet devices that are
located in the kitchen and the bathroom where the air is most polluted. This
creates a lower pressure inside the building, with supply air coming through
inlet devices in the wall. A common problem is that an open window, for ex-
ample in the kitchen, changes the pressure balance resulting in zero airflow in
abedroom when the bedroom door is closed (Engdahl 1999). Exhaust ventila-
tion can be fitted with a heat recovery unit, providing a positive influence on
the system’s life cycle cost.

Exhaust and supply ventilation has two fans supporting both exhaust and
supply air. Here, it is easy to add a heat exchanger for heat recovery from the
outlet air. Normally, the exhaust airflow rate is slightly greater than the sup-
ply rate so that moisture is not driven through the walls. A problem is that the
exhaust filter must be cleaned or replaced more often than the supply filter,
because of the more polluted indoor air; if it is not, the exhaust airflow rate will
decrease. Exhaust and supply air systems are a more expensive solution, but
provide the best control over flow patterns and flow rates (Engdahl 2000).

Functionality is an essential feature of an indoor climate system and the
main reason for implementing it. In Sweden, as in other countries, there are
recommendations and legal demands setting the airflow rates and tempera-
tures in buildings. Mandatory Swedish ventilation control regulations reflect
experiences from practice. They imply that research about the ventilation
process must focus on questions regarding the human need for good indoor
air quality as well as for a good indoor climate without noise and draughts.
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More than half of all schools, offices and multi-dwelling buildings failed their
mandatory ventilation control test according to Engdahl (1998): mandatory
ventilation controls started in 1992 and the client must attend to any faults. The
worst cases were natural ventilation systems.

It is important that a ventilation system continues to operate for its design
life. The system must be self-adjusting, or it must be adjusted whenever a
change is made, or age alters its performance. Office buildings are prone to
frequent refurbishment and hence a lot of money can be spent on altering the
ventilation system. However, a flexible system can be self-adjusting and can
accommodate new demands brought about by refurbishment.

The literature abounds with papers on room air distribution, numerical
methods and indoor air quality. For example, the energy efficiency of dis-
placement and mixing ventilation has been compared in an environmental
chamber study, and displacement ventilation was shown to be the best (Awbi
1998). Published studies can be helpful when deciding if a proposed ventila-
tion system is likely to work properly in a given situation. If it is unlikely to
work, there is no need to calculate the LCC.

A related project to the one discussed in this chapter is ongoing. This deals
with determining optimal control strategies to achieve lower energy use and
better functionality. For example, by controlling the flow rate and the supply
air temperature for an exhaust and supply air system, the energy use, and
thereby the LCC, canbe decreased. Today, control strategies seem to be simpli-
fied as much as possible. One major result so far is that condensation occurring
by air cooling is an important factor.

LCC principles, tools, use and research

Whole life cycle cost, or simply life cycle cost (LCC), is the total cost a cli-
ent pays for a product. The LCC consists of the investment cost, energy cost,
maintenance cost, demolition cost and all other recurrent costs, which are
normally discounted to today’s value, known as the present value, by the use
of an estimated interest rate.

Difficulties with LCC analyses include uncertain input data that depend
upon human actions within society as well as variability in technical perform-
ance. The lifetime of the product is not easy to decide upon and much depends
on processes such as changes in business activity and technical limitations.
Interest rates are extremely difficult to predict with any certainty. Energy cost,
outdoor climate and client behaviour are other uncertain aspects (Bull 1993;
Flanagan et al. 1989). How many different costs should be taken into account? For
example, improved work performance due to better indoor air quality can be
significant, but is seldom taken into account.
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Life cycle thinking, based on experience as opposed to formalised tech-
niques, is often used though not to its full potential. For example, disposable
items are not used in a kitchen because they would be more expensive in the
long run. A life cycle approach has also been used in other sectors like na-
tional defence, road construction and agriculture. Often, in the construction
sector, some sort of life cycle perspective is taken, but this tends to rely on old
experience (or even perceptions) of good solutions. This may not be the best
approach. In the construction process, the developer meets the investment
cost, but does not guarantee long-term functionality. There are no incentives
for the developer to undertake LCC analyses, so long as clients do not require
them.

To give an example, one survey has indicated that 40% of municipal con-
struction projects in the US were based on LCC analyses. The reasons given
for not using LCC analyses were lack of guidelines and the difficulty of es-
timating future costs (Arditi 1996). A survey undertaken in 1999 shows that
66% of clients surveyed use life cycle cost analyses to some extent in building
projects (Sterner 2000). Life cycle cost analysis is rarely adopted in all phases of
the construction process. Lack of tools and knowledge is cited as a significant
reason.

Interest in making LCC analysis routine has resulted in many practical
guidelines and forms. One such example is Energy Efficient Procurement, ENEU
94 (Sveriges verkstadsindustrier 1996), which is a tool for determining the life
cycle cost of a fan system. ENEU 94 takes much more than air handling into ac-
count; for example, electrical motors and machines. ENEU 94 was updated in
2001, and is available on the web only. The idea s to calculate the LCC for given
scenarios and to compare them. ENEU 94 is also a form of guidelines with
the aim of forcing the design consultants to undertake the analysis in order
to secure the contract. The guidelines have been developed mainly to help
determine the optimal size of an air handling unit: special control strategies
for air handling plant have not been included. ENEU 94 does not incorporate
spatial costs or system functions. If a number of competing consultants make
one or even several calculations each, a good solution might be found, but itis
not guaranteed.

An EC-supported project is developing guidelines similar to ENEU 94 and
carries the name LCC-based Guidelines on Procurement of Energy Intensive Equip-
ment in Industries (Eurovent 2001). In ENEU 94 there is a client focus, but the
EC project has a producer focus.

The Norwegian University of Science and Technology (Vik 2001) has an
ongoing project dealing with life cycle costs for natural ventilation systems.
One aim of this project is to determine when natural and hybrid ventilation
results in a low life cycle cost.
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LCC analyses for indoor climate systems

LCC analyses are increasingly undertaken by researchers, consultants and
clients to determine the best ventilation system. These analyses most often
compare two or more types of systems, but they do not come up with a com-
pletely optimised solution. Of the energy used over the lifetime of a building
85% is consumed during the occupation phase. The majority of this is due to
thebuilding’s heating and cooling systems (Adalberth 2000). The energy used
within anindoor ventilation system is the balance between energy saving and
sufficient airflow rates for a clean indoor environment.

Office cooling can be achieved either by an all-air system or radiant cooling
system. It is generally expected that a radiant cooling system uses less energy
than an air system because of decreased air movement. A saving potential of
10% was found in a Japanese study (Imanari ef al. 1999). In another example,
a chilled ceiling was used in an office building, providing a slightly better
indoor climate in addition to the energy saving. A German study (Sodec 1999)
found alower LCC for radiant cooling ceilings, when compared with an all-air
system, assuming the systems are well designed and operated correctly.

In the US, 30% less energy use for a radiant system was found. Peak power
use was also discussed, a decrease in which could reach 27% (Stetiu 1999). The
peak power cost can be taken into account in the LCC analysis. In the US, asin
other countries with hot climates, a lot of cooling is required compared with
Sweden and northern Europe, where power supply problems appear in the
winter. Then, the heating peak power is of greater interest.

A deficiency revealed in these studies was that the all-air system could be
improved by better control strategies. Also, the features with increased airflow
from the all-air system were not discussed; neither was heating discussed and
this is an important part of energy use in northern Europe. There remains a
need for a more systematic approach to designing complex indoor climate
systems.

A comparison of radiant cooling and all-air cooling has been discussed in
the context of a life cycle assessment approach (Johnsson 2001). In a life cycle
assessment environmental impact, obtained from the assumed danger of
sub-activities, determines the system instead of its costs. Johnsson tested two
different methods to provide comparative results.

There has been some work dealing with the optimisation of duct sizes
(Besant et al. 2000; Jensen 2000). Efforts were made to describe both the en-
ergy costs and the materials and installation costs, to yield an optimised pipe
system. This is usable, but whole indoor climate systems or combinations of
systems were not optimised.

A central cooling system was compared with a split system in a 29-storey
office building in Hong Kong. The central system gave the lowest LCC (Yang
et al. 2001). However, Yang et al. only discuss the comparison between two sce-
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narios; there could be an even better solution, so the general system approach
is still missing.

Matsson (1999) has made some life cycle cost calculations for systems with
different control strategies. Three systems were compared:

e with a constant air volume flow (CAV);

* with a variable air volume (VAV) with constant pressure in the main duct;
and

* with a variable air volume with changeable pressure in the main duct in
order to minimise the static pressure.

The analyses were based on the real costs for a school and an office building.
The system with changeable pressure in the main duct shows the lowest life
cycle cost in both cases due to the lower pressure drop decreasing the energy
used.

The heating or cooling system can also include the production of power.
The heating system for housing was found to be of great importance when
determining insulation thickness (Gustafsson 2000).

Work performance and health aspects

Increased performance caused by better thermal climate hasbeeninvestigated
and a very smallincrease in work performance is easily profitable. This clearly
makes air conditioning in offices a good investment. The same argument is
valid if, for example, higher airflow rates result in better health or increased
work performance.

Of the research performed in the area of thermal climate, little has actu-
ally been completed, but some is ongoing. For instance, it has been shown
that a significant increase in work performance occurs when increasing the
airflow rate (Wargocki et al. 2000). Reactions between ozone and volatile
organic compounds are suspected to result in more dangerous substances.
With higher airflow rates, the reactions seem to be less noticeable (Weschler
& Shields 2000). A third of several articles, in the same vein, show that a high
level of absenteeism — attributed to sickness —is correlated to low airflow rate
(Milton et al. 2000).

There is increasing evidence of a positive effect with higher flow rates and,
perhaps, the legal requirements are too low. This aspect can be important
when choosing between cooling with higher airflow rates compared with
chilled ceilings. The claimed higher work performance and better health can
make a great impact on life cycle costs.
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Research project
Project description and objectives

In order to be able to investigate the lifetime cost for different technical indoor
climate solutions, a tool and a model are needed to support any calculations.
The aim of the project discussed in this section is to develop a calculation
model for life cycle cost (LCC) analyses of different technical systems and
solutions for ventilation and climate systems, taking into account flexibility
and control strategies. The model will also be used on practical examples and
be implemented in the sector.

Research methodology

The nature of the research within this project is both positivistic and herme-
neutic: most problems with LCC analysis can be attributed to human factors
and are in that way hermeneutic. Furthermore, there is no evidence that the
past is able to describe the future. One method could be to try to determine
dependencies for the human-related variables like lifetime, interests, energy
cost and climate. This is a very uncertain way and not within the boundaries
of this project. Another method can be to assume variables based on believ-
able facts and perform sensitivity analysis to find the break points when the
results change.

Describing building costs is of a similar nature. The most exact way can
be to describe every cost for each variable and manipulate it over time; but
something more transparent is needed. A model describing building costs
must be created and validated by current experience, yet must remain flexible
enough to accommodate future changes. Maintenance cost is also difficult to
determine with certainty but experience combined with the manufacturer’s
product information should produce valid and reliable results.

Energy use and technical function are more positivistic by their nature ex-
cept, possibly, outdoor climate changes. Mathematical expressions are needed
in the model. These expressions can be obtained either by model building, or
by case studies and measurements from existing buildings. Measurements
from existing buildings can take time to accumulate and there are many pa-
rameters that can confound the result. It would be very difficult to ascertain if
the result is reproducible based on the parameters measured. In this research
project, model building will be used and measurements will confirm and test
the validity and reliability of the model. Hopefully, new or better system ideas
will be easier to model.

A robust model for performing LCC calculations must be able to handle
some important demands. It should be able to be used on any kind of building
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and with any kind of fan ventilation system. Combinations of water-based
or air-based systems must be handled as well as different control strategies.
Building costs and volumes will be considered. Natural ventilation systems
will not be considered because of the different technical principle.

The energy characteristics of the building will not, however, be handled by
this model. The risk of separating building physics from the model is a non-
optimised connection between the building and the indoor climate system.
This should be taken into consideration, but other models may prove more
suitable and should be used to calculate the energy demands for the different
alternatives. That means data about the building such as orientation, internal
heat loads, indoor climate demands and outdoor climate from these external
models will give the input to the LCC model.

The model will be used by the person who designs the climate and ventila-
tion system in a building. Therefore, it is important that the method provides
amodel and tool that are easy to use by design consultants and clients.

The next step will be to introduce the model and tool to the sector, whose
needs it will be important to canvass. A survey has already summarised the
experience and market-tested the potential for the project and tool. A goal of
this survey was to create opportunities for co-operation between the project
and construction sector. The survey was undertaken to estimate the use of
life cycle cost analyses among clients, both public and private, and amongst
consultants working with indoor climate systems. A questionnaire was sent
out to one municipal building department in each of the 21 counties in Swe-
den, and to 20 private clients and 20 technical consultants. All recipients were
selected at random; however, no claim is made as to the nature of the sample
other than it is drawn from a population sharing similar characteristics. The
questions investigated the extent to which life cycle cost analyses were used
both when designing the building, and when designing the air handling plant
in the building. The reasons for using or not using LCC analyses and related
questions were also included.

Based on the above discussion, some methods have been selected. First, a
model for calculating LCC will be developed. A starting approach is to base
the model on a comfort standard; for example, ISO 7730. Later, a value can be
placed on work performance, health and the system’s interface. To build the
model, it is necessary to define the available systems and investigate them
technically to describe energy use, lifetime and space use. The functional-
ity and opportunities for using a particular system in a given case must also
be stressed. Information must then be collected about the (tool) user’s needs,
product costs, building costs and other issues influencing the LCC. In the be-
ginning, the model will focus on office buildings to gain experience of its use
and to obtain quicker results.

After building the model, example calculations have to be performed and
verified against a real example. Another way would be to examine cases, but
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it could be difficult to implement new ideas and systems. Co-operation with
other researchers is also important for obtaining easier verification and for
fine-tuning the method. When the model is finished, example calculations
will be performed as part of a sensitivity analysis and for drafting user guide-
lines. Here, an issue could be how to decide between two systems having the same
LCC.

Reseach results and industrial impact

The use of LCC calculations

As stated above under research methodology, 61 questionnaires were sent out
to investigate the use of LCC calculations when designing the services in-
stallations of buildings. The response rate was 39%. Of the total number of
respondents, 31% used life cycle cost analyses to some extent. The use of LCC
analyses was 43% by consultants, 33% by private sector clients and 20% by
municipalities. Those who used the analyses most of all did so in 20% of their
projects, though this was more common on larger projects. It was not pos-
sible to correlate the use of analyses to outdoor climate or company size. The
response rate was low, perhaps because of a lack of interest. This suggests that
the use of LCC in the sector is lower still.

Despite the low use of LCC analyses, 88% of respondents said that energy
useis a very important environmental issue, while 34% needed better compu-
ter tools to perform the calculations. Lack of knowledge was given by 65% of
respondents and 69% believe that the number of LCC analyses will increase
in the future. A number of interesting aspects have been displayed and will be
useful in the research project.

Examples of basic LCC calculation

Some of the problems associated with modelling climate and ventilation sys-
tems that adopt a life cycle perspective are discussed in two examples. The
firstexample is the life cycle cost for two different ventilation systems in an as-
sumed office cell. The systems are amechanical exhaustand supply air system;
firstwithoutheatrecovery unit,and second, with a heatrecovery unit. The heat
exchanger causes a pressure drop and therefore needs more electrical power.

A calculation showed that the heating cost saved because of the heat ex-
changer in an assumed example of an office cell could be less than the added
electricity cost due to the pressure drop in the heat exchanger. At high internal
heatloads the heat exchanger in this example is harmful. This example may not



Optimising Indoor Climate Systems 65

180

150
= — Total power
~
] 1201 — Cooling total
% ------- Cooling due to condensation
o 607 .

---------- Electrical fan power
30
0 T T 1
10 12 14 16 18

Supply air temperature/°C

Fig. 5.1 Power needed to cool an office cell (depending on the supply air tempera-
ture).

be realistic. The best way could be to bypass the heat exchanger when it is not
needed. Still, it is an example of the potential of more in-depth knowledge.

The second example concerns the cooling of a standard office cell with air.
The power use as a function of the supply air temperature was examined.
The internal heat load was assumed to be 500W, the specific fan power to be
2kW/(m?®/s), the room temperature to be 25°C, the heat transfer to be 20W/°C,
the minimum airflow rate to be 101/s and the coefficient of performance to be
3. The outdoor temperature was 20°C and the relative humidity 75%. A low
airflow rate needs a lower supply temperature with condensation as the re-
sult. Condensation power is non-linear. Figure 5.1 shows the result. The power
minimum, providing the lowest energy cost in this condition, was found just
before condensation occurred. The temperature was optimal in this case, but
is seldom adopted in practice.

Conclusions

The results of the preliminary research are simple and do not represent reality
in the manner of complexity and available solutions. Nonetheless, they show
ideas and options that the project will handle. The use of life cycle cost analy-
ses is low but increasing. Therefore it will be more important to know how to
perform these calculations in the future.

The state-of-the-art indicates that there is a lack of implementation of the
knowledge available today. A lot of climate systems do not work properly and
arenot as efficient as they could be. Additionally, clients and users do not have
the competence or experience needed to determine if their indoor climate is
good or not. A lot of money is spent on refurbishing inflexible systems, and
sometimes they do not work efficiently anyway. This means that the research
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must secure the functionality of the indoor climate systems as well as provid-
ing the sector with good conditions for achieving them.

The influence on health and work performance by the indoor climate sys-
tem will most likely be examined in the near future. The outcome of such re-
search can be very difficult and expensive to implement in our indoor climate
systems. Depending on the location, an increased airflow rate may result in
higher work performance, alower amount of sleep requirement at night or bet-
ter health. If such effects can be proved then the systems need to be improved.
Itisimportant that the indoor climate systems built today handle the demands
of tomorrow in an efficient and economical way.
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Chapter 6

Performance Indicators as a Tool for
Decisions in the Construction Process

Veronica Yveras

Introduction

Many of the first decisions made during design are of greatimportance, as they
will influence the final product in terms of, for example, durability and energy
efficiency. Unfortunately, these issues are not always taken into consideration
for a variety of reasons, which leaves the customer with a product that fails to
satisfy. A major problem is that performance requirements are rarely stated,
making itextremely difficult to achieve good decisions during the early stages
of design.

A performance indicator tool would force the designer to investigate and
specify the requirements. It would also provide guidance to the designer dur-
ing design in order to predict performance. Such indicators would provide the
designers with a first rough estimate and help to present, and make the client
aware of, the consequences of a decision.

The tool proposed by the research reported in this chapter aims to raise the
status of building physics, at present a discipline with an understated role in
the construction process. By giving higher visibility to building physics, it is
believed that the risk of performance failures due to simple, yet all-too com-
mon, mistakes during design will be avoided.

State-of-the-art review

Decision support during design

68

Normally, when a decision has to be made, relevant information is collected
and reviewed in order to reach an outcome according to the criteria set. In the
early stages of design, it involves selecting system solutions that will lay the
foundation for the resulting building performance. For various reasons, there
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are difficulties in acquiring, studying, applying and distributing informa-
tion.

The concept of performance, which is key to the design phase, was created
at the beginning of the 1960s. It was heralded as a new and fresh concept that
was seen to be the means for realising the goal of industrialising the construc-
tion sector. By converting prescriptive building regulations to those that were
performance-based, it was hoped to stimulate and improve the ability to in-
novate. Difficulties in applying the concept were soon discovered; for exam-
ple, implementation was slowed down as the older prescriptive codes were
understood and therefore easier to use (Knocke 1970). Little or no regard was
taken of the need for greater knowledge than had been the custom in earlier
times. Designers had to be able to assess new technical solutions without tools
or supplementary education and training. Over the intervening years, there
has been some progress, but problems remain.

One of the main reasons for such slow progress s clients” inability to specify
needs according to the performance concept. The client is often in a weak po-
sition relative to the designer, such that quality issues are not handled well.
Unless the client demands better knowledge and communication skills, the
sector will continue to mishandle these issues. Advances in ICT (informa-
tion and communications technology), among other things, have spurred the
development of visualisation techniques, that help to overcome many of the
difficulties described above. By improving the quality of information during
the design process, the client is better equipped to understand the different
issues implicated in the project (Barrett & Stanley 1999).

Various authorities within Sweden have identified lack of knowledge dur-
ing the construction process as one of the primary causes of sick buildings.
Some initiatives have taken place. For example, the National Institute of Public
Health has proposed a programme for improving the construction process. It
offers guidance on how to engage any discipline that can contribute its knowl-
edge to achieving a healthier indoor climate; for example, consultants with
knowledge of allergies. The City of Stockholm has the intention of introducing
requirements that will prevent damage due to moisture. Such action has been
proposed before, but it was avoided as there was a strong belief that it would
increase building costs. A corollary to this is that the Swedish government
has recently established The Quality Council of the Building Industry, abody that
brings together the different actors within the construction process with the
aim of preventing failures.

Knowledge of building physics is a core competence of the Swedish Nation-
al Testing and Research Institute (SP) in its quality labelling of healthy indoor
environments. Adoption of their method requires that an expert is involved
throughout the construction process, by contributing theoretical and practi-
cal knowledge (Carlsson 1999). The expert acts as a bridge between the theory
of building physics and practice. All building projects successfully using this
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method receive the P-label, a quality sign. The method implies that designers
on their own are not equipped to handle these issues and that there is a need
to improve the conditions for making better decisions.

The use of the internet has also penetrated the field of building physics.
CONNET and I-SEEC are examples of internet sites to support construction
sector networking, making it possible for the digital dissemination of techni-
cal and product oriented information (Amor et al. 2001). An example Swedish
internet site is that of Building Market (Byggtorget), that provides access to
a wealth of knowledge on building related matters. That said, it is not clear
if these sites have increased the search for available knowledge with the aim
of making better decisions. Reliance upon familiar ways of working reduces
the need to seek for information — a task that many actors in the construction
process are unwilling to undertake (Davidson 2001). In the end, acquired in-
formation must be actively compiled and interpreted before a decision can be
made.

The Construction Primer (Burry ef al. 2001) is an on-line tool with a ready-
made database for decisions created from a case-based reasoning. This
involves using solutions from earlier decisions involving a similar problem
(Schmidt-Beltz 1996). As the performance approach is not central to this
method, it can cause difficulty when the results to be documented have to be
measured.

The Hong Kong Building Environmental Assessment Method (HK-BEAM)
is an initiative to encourage the actors in the construction process to strive for
sound environmental performance in buildings (Burnett et al. 1998). By relat-
ing quantified performance to factors concerning the indoor environment, the
building attracts credits for those criteria that are met. The building is then
graded as fair, good, very good or excellent.

There is also criticism regarding the fragmentation of the sector in terms
of its impeding the satisfactory formulation of performance requirements
during the design process. One suggested solution is to educate building
engineers in matters pertaining to building construction and building tech-
nologies, where performance reasoning is a key element (Carmeliet ef al. 2001).
This suggestion adds further weight to the argument for more attention being
paid to the design stage.

Tools related to physical aspects

A conclusion that is often made, and which is incorrect, is that the complexity
of theory is low because the information density is low (Mahdavi 1999). The
inherentand complex physical relationships remain regardless of whether one
isatthe beginning or the end of the design process. It is nonetheless possible to
consider the design process as divided into two phases, with a first-principle
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Fig. 6.1 Structure of the design phase.

based analysis quickly transforming into an optimisation process (Fig. 6.1).
Decisions made in the first part of the design phase involve selecting a system
by performance assessment. This analysis should be integrated in the project’s
programming phase as some decisions made there (or later) can lead to the
use of solutions that are less satisfactory from a performance perspective. At
the end of the design phase the optimisation of selected solutions takes place,
reinforcing the reliability of the initial estimates.

Much research and development has been undertaken to produce simula-
tion tools for use by designers during the optimisation phase. The extent of
tools is so large that there is an organisation, International Building Perform-
ance Simulation Association (IBPSA) aimed at the development of simulation
tools for application within the construction process. Despite the wide range
of tools available, their quantity is not in line with their actual use. One cause
isbelieved to be that some tools can assess only individual performance char-
acteristics; for example, heat flows. Another cause is thought to be that they
require expert knowledge when used (Hendriks & Hens 2000).

A decision support system is being developed to present the results of
research into lay terminology. It identifies the relationships between factors
that have direct and indirect consequences for the healthiness of the built
environment and indoor air quality (IAQ) (Phipps et al. 2001). The aim of the
system is to provide building designers, who are not IAQ experts, with a tool
to make correct decisions. An inbuilt assumption is that IAQ problems occur
when four major elements are present —source, pathway, driving force and oc-
cupants—and these form the core of the conceptual model on which the system
is based. However, the system has been designed for New Zealand conditions
only, bringing into question its wider application. Nonetheless, the system
may have use in other regions, where conditions are similar.

Moisture measurement is a topic of particular concern and for which a
method has been developed that can be handled by different users with vary-
ing levels of knowledge. The method assesses moisture protection, which has
a strong influence on durability (Fig. 6.2). Expert knowledge is required for
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Fig.6.2 Model for moisture measurement.

quantitative assessment, based on detailed calculations, in order to evaluate
proposed technical (i.e. design) solutions. In this qualitative assessment, sim-
ple tools such as tables and diagrams are used to predict moisture conditions
(Harderup 1999). However, an algorithm using performance indicators offers
a simpler procedure for performance assessment. For those who are aiming
at using a reliable solution that is well documented and for well-known con-
ditions, case-based reasoning will suffice. A weakness of this approach is,
however, that it can only be used when most decisions have been taken, since
the starting point is the drawings. Changing decisions at this stage involves
additional expense.

Buildings today have become so complex that it is no longer acceptable to
assess the performance of individual aspects apart from each other, as they are
interdependent to varying extents. Air tightnessis of importance for energy ef-
ficiency, but demands appropriate ventilation in order to achieve good indoor
quality. Hence tools have been developed with a holistic approach in mind
and where the end-users are an important ingredient. Integral building envelope
performance assessment (Hendrik & Hens 2000) adopts a holistic approach, in
contrast to most other tools that consider the performance measure of energy
efficiency. The multiple criteria decision aid procedure (Azar & Hauglustaine 2001)
adopts a multi-actor and a multi-criteria approach. A shared conceptual model for
integration in the building envelope design process that improves the transfer
of data throughout design has also been proposed (Bédard et al. 1999).

The above tools aim at facilitating communication between actors. It is im-
portant to stress that the communication tools described assume that the ac-
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tors within the design process have the necessary knowledge and experience.
Lack of experience is a weakness that has to be dealt with consciously.

Inorder to assess an aspect of performanceitisimportant to understand the
interaction between different performance characteristics and their underly-
ing theories. But even if knowledge is present, it is difficult to apply in practice
in a systematic way without supporting tools. Aygun et al. (2001) present a
parametric conceptual model for generating and evaluating various alterna-
tives for a building. The model is divided into three subsystems: constraints
(conditions of the environment), performance requirements and an element
model. By displaying the subsystems in tables, the interaction of requirements
and components (element) and the adjacencies of components are determined
and presented. Performance requirements can therefore be expressed by the
function of relevant instances of the three subsystems.

Performance indicators as tools

Indicators are often used within several areas. It is a powerful tool that is able
to produce a summarised and easy-to-grasp picture of an often-complex situ-
ation. A tool may be used as a decision support system in different circum-
stances and also as an evaluation method. In an analogous case, the economic
conditions in a country can be presented by, for example, gross domestic
product (GDP), inflation and level of unemployment. As such indicators are
internationally well established, they canbe used to compare countries. Indus-
tries also use indicators as a tool for measuring, for example, productivity and
environmental performance.

An area closer to home is that of investigative methods relating to sick
buildings. Thestarting pointhas, in many cases, been technical measurements
that have involved not-so-well-considered and often-expensive methods. Pre-
vailing technical measuring methods have not always clarified the cause of
the problem. In the regional hospital of Orebro in Sweden, an investigation
strategy was developed that did nothave technical measurement asits starting
point (Andersson 2000). A questionnaire was used to map out experiences of
the indoor climate. The results of the questionnaire were gathered and pre-
sented graphically in Fig. 6.3. By using this method, a first-principle-based
analysis and guidance for further investigations have been achieved. In this
example, the peaks in the diagram indicate a problem with the ventilation
system. This is a resource and cost-efficient way of analysing possible causes
of a problem by relying on environmental factors and symptoms only.
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Fig. 6.3 Graphical presentation of questionnaires (Andersson 2000).

Research project
Project description and objectives
The objective of the proposed research is to create a decision support system

that can be used in the early stages of design. Performance assessment is
achieved by adopting a first-principle-based analysis to provide decision sup-
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port and guidance for further design activity. By using performance indica-
tors, information can be presented such that inexpert clients can understand
the output of selected performance requirements and system solutions. The
indoor environment, thermal comfort, energy efficiency and durability will be
predicted by systematically assessing the performance of the building.

Research methodology

Indicators have been used successfully in several areas to describe and inter-
pret rather complicated relations. They generally provide a simplified picture
of reality, but are reliable enough for further decisions. Performance indicators
are therefore applied, as the aim is to simplify decision-making. In order to
assess the different performances of a building systematically, by using per-
formanceindicators, an algorithm of the design process hasbeen adopted —see
Fig. 6.4. By applying this algorithm, the designer and the client have to decide
upon the performance requirements early in the process, unlike the model for
moisture measurement shown in Fig. 6.2.

The identification and listing of performance indicators that are the main
ingredients of the decision tool can be undertaken in different ways. One al-
ternative is to analyse cases (good and bad), but it would not be a rational or a
systematic method; moreover, it would require many cases. A plausible view
is that the theory should be the starting point as it can provide the knowledge
needed to design healthy buildings. The extent of available literature and the
complex mechanisms of building physics make it essential to classify and link
the knowledge appropriately according to a fixed model. Flowcharts showing
prevailing stresses are a way of identifying relevant indicators. The stresses

Proposed desi Listing of relevant performance
P esign indicators and clusters, identify
criteria for acceptance

Change Prediction of
dasign performance indicatars

Compare performance
NOT OKI indicators and clusters
with criteria
0K DBocument the results for
further decisions

Fig. 6.4 The algorithm of the design process.
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are organised under four main headings: outdoor environment, indoor activities,
system of the building and ground environment (Fig. 6.5).

When a stress cannot be divided further, a performance indicator flowchart
isused. It describes the theory in terms of stress-mechanism-output-perform-
ance requirement — performance indicators (Fig. 6.6). This way of describing
a process has been performed in a similar way elsewhere, where the degrada-
tion process of a material has been described in terms of agents-mechanism-
effect (Norén 2001).

Performance indicators need to be predicted in order to provide a value
that is needed for comparison with the chosen criteria for acceptance. This
canbe done in several ways but the aim, as stated before, is to keep it as simple
as possible. Prediction methods are, therefore, being identified through the
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Fig.6.6 Flowchart model of infiltration water stress.
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use of diagrams, checklists, tables, rules of thumbs and simplified calculation
methods. A simplified case study has been carried out in order to identify an
appropriate method of assessing a known technical or system solution. The
caseis an outdoor ventilated crawl space with wooden beams —see Fig. 6.7. The
evaluation of this case study, in terms of reliability, was achieved by literature
studies and computer simulations.

Research results and industrial impact
Quantification of results

In the case study, four relevant performance indicators were identified, as
shown in Table 6.1. The vapour protection indicator is a result of two other
performance indicators that consider the vapour barrier and the evacuation of
vapour. These two indicators are weighted together into one — the vapour pro-
tection. Lastly, the durability of ground construction has to be assessed. In this
case, indicators (I) and (III) in Table 6.1 are regarded as checklist items since
they are both considered to achieve acceptance degree 1 and are therefore not
a problem of durability. However, indicators (II) and (IV) are the two having
the greatest influence on durability and are therefore regarded as the main
indicators in this assessment (Fig. 6.8).

Durability is displayed as arrows in the diagram to indicate the stress load,
which reduces the performance of the crawl space. In other words the shorter
the arrows are, the better. If the diagram shows a long arrow, the crawl space
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Table 6.1

space with different levels of acceptance.

Relevant indicators when assessing the durability of an outdoor ventilated crawl

Stress Performance indicator

Performance requirement

Acceptance (A-degree)

I. Capillary protection

1. Vapour protection

Ground Moisture (see Fig. 6.2)

Il Infiltration water
protection (Fig. 6.3)

Air
Moisture

IV. Cooling reduction of air

Prevent capillary water
from reaching the
construction

Prevent ground vapour
from increasing the
moisture contentin
construction

Prevent capillary water
from reaching the
construction

Reduce the cooling effect
of air (outdoor ventilation)
in construction

The construction will not get
into contact with capillary water

No protection

A-1=Vapour from the ground is
excluded

A-2=Vapour stress is partly
reduced

A-3= No vapour protection
Liquid water is excluded

Liquid water expected

Reduced cooling effect
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Fig. 6.8 Durability assessment of crawl space.

will suffer a high stress-load. In our case, the degree of acceptance is rather
limited due to the selected material (wood) in the construction and therefore

leads to the low tolerance of D

s, acceptance

. As illustrated, D <D

which

s,acceptance s,case
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is not acceptable (Fig. 6.4). This means that the construction needs to be rede-
signed or another technical solution must be considered.

Implementation and exploitation

The performance indicator tool, as outlined, effectively constitutes a decision
support system that will facilitate making the right decisions from the start.
There are many examples of how poor information can affect the final out-
comes from the construction process. One of the more recent is the Museum
of Modern Art in Stockholm, where the client had to move out not long after
opening because of the incidence of sick building syndrome (Kyander 2001).
By adopting performance indicators it will be possible to predict the likely
performance of a building and thereby minimise its risk of failure. The tool
has the potential to support the designer when considering relevant stresses
and also in explaining the different mechanisms that control different build-
ing physics processes. In a longer-term context, it means safer design and a
lower risk exposure for the companies concerned. Communication between
designer and client will be facilitated, due to being able to illustrate the output
of a decision. A classic example is when the client wants to adopt a shorter
construction phase that does not always correspond to the demands of the
materials selected; for instance, time for drying out.

Recently, Swedish environmental law has been amended. The burden of
proof has been reversed so that owners of buildings have to provide evidence
that the regulations have been followed if a tenant complains about the indoor
environment. Another change involves businesses having a duty to acquire
relevant knowledge — the role of the informed client. In practice, this means
that the client is responsible for seeing that designers and contractors have the
necessary knowledge to ensure a good indoor environment. In this context,
performance indicators will be an aid to having all relevant facts to hand in
order to make good decisions.

Conclusions

Simplicity has been central to the development of the tool, since designers
today suffer under the pressure of too little time in which to make important
design decisions. Gaps in basic knowledge are common and so it would be
pointless developing and deploying complicated, specialist tools. It is also un-
reasonable to begin design with the use of specialist simulation tools, as the
first step has to be to outline the design. By using performance indicators, the
designer will be guided in a straightforward manner to identify and consider



80

Construction Process Improvement

different stresses to which a building or parts thereof might be exposed. This
would reduce the risk of mistakes occurring during the design phase.

The proposed algorithm forces the actors involved in the design to describe
the performance requirements as the criteria for acceptance as early as pos-
sible. The minimal application of performance concepts during decision-mak-
ingnowadaysis, however, anissue that has tobe faced (Becker 1999). There has
to be a change concerning the attitude towards spending time assessing the
performance of the building. Since prescriptive building codes were replaced,
the design process has changed little in adjusting to the new concept. Another
issue is the determination of performance requirements, since it is difficult to
specify the needs of users. This is an area that has to be investigated further.

The case study shows how durability is affected by the design. The pro-
posed tool provides the designer with guidance when outlining the design.
This provides a first analysis of the performance and might suggest that a fur-
ther deeper analysis is necessary. The tool does not produce an exact answer,
but it gives an idea of how the building part or a part of it will perform.
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Chapter 7

Reducing the Risk of Failure in
Performance within Buildings

Stephen Burke

Introduction

Building failures occur daily because of misunderstandings over the impor-
tance of building physics, especially among the different actors in the con-
struction process, each of whom may have a different appreciation of causes
and effects. Legislation, which has been passed to ensure the health and safety
of the occupants, has addressed some of the larger performance issues such
as thermal comfort, energy usage and, to some extent, indoor air quality.
However, other types of building failure continue to be ignored. These are
the longer-term soft issues such as high moisture content in a building, high-
energy costs and the overall sustainability of the building.

These types of building failures are believed to be linked to health problems
and are largely preventable with today’s knowledge of building physics. This
chapter looks at current building failures directly attributable to the neglect
of building physics principles, and why it is important to include these factors
actively in design decision-making.

State-of-the-art review
Building physics is comprised of many various components. This section will

look at these components, the role that economics plays and the effects that
building failures have on people’s health.

Building physics
Building physics is the science of how matter and energy interact within a

building system. More specifically, this field encompasses the areas of heat, air
(ventilation), moisture flows and the energy interactions between all of them.

82
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It is important to note that the Swedish context of building physics does not
include acoustics and fire protection as in other countries (Sandin 1990). This
area of science exists to ensure that people have an area to live in that provides
thermal comfortand does not cause health problems. Many health issues arise
when fundamental physical principles are overlooked or ignored and this can
translate into higher costs for society as a whole.

The literature related to economic aspects of building physics is negligible.
Jéhannesson & Levin (1998) attempted to examine these two areas concurrent-
ly in their paper by looking at the relationship between design that neglects
common theories of building physics and the consequent environmental and
economic cost. In their paper, a typical Swedish single-family dwelling was
examined under two scenarios: one without any special environmentally
friendly materials or features, and the other incorporating materials that are
considered to be environmentally friendly by current standards. The authors
focused on the performance of available environmentally superior materials
when considered in a life cycle cost (LCC) context and found many to be infe-
rior. Using more environmentally friendly materials did yield lower energy
use and costs for construction. Over the operational life, the difference in
performance between the two buildings was great enough for the environ-
mentally friendlier building to be more energy-intensive over its life than the
standard building. The weakness in this paper, as declared by the authors, is
that it does not look at the economic repercussions of either including or ex-
cluding building physics issues in themselves; but it is able to give an idea of
the result of ignoring building physics principles.

It appears that most of the literature thatis related to building physics looks
at building physics in its various components and does not bring economic
factors into view. The literature generally considers potential problems that a
building can have from a health perspective and tries to attribute the problem
to one or two faulty components in the building and their possible remedy.

Heat flows

Heat flow principles are the backbone of modern, energy-efficient buildings.
In order to make a building use less energy for heating and cooling, walls are
insulated with materials that minimise the heat flow between the inside and
outside of abuilding. Another benefitof an energy-efficientbuilding is thelevel
of thermal comfort that people feel in the building. People are very sensitive to
temperature changesand even asmall heatlossis detectable. Thermal comfort
is not, however, determined by temperature difference alone; moisture levels
and air pressure can also have an effect on people’s thermal comfort.

With energy-efficient buildings come new problems in the areas of mois-
ture and ventilation. While heat flows are in themselves largely understood,
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the repercussions of energy-efficient buildings on moisture levels and health
are not. As a building’s energy efficiency increases, so does its potential for
moisture and ventilation problems if it is not designed properly (Thérn 1999).
The design, construction, materials and workmanship of the smaller compo-
nents of a building become more important and can make a significant differ-
ence in building performance. For example, reducing the thermal bridging
in a typical Canadian timber-framed wall by applying an exterior insulated
sheathing yields a 12% gain in efficiency (Ministry of Housing 1990).
Europeis currently trying to find a way of encouraging people tobuild more
energy-efficient homes. One means of accomplishing this is by creating an

‘energy certification ... [offering] advice for new and existing buildings
and a public display of certificates in certain cases’ (ECCP 2001).

In addition to this, new and newly renovated buildings will have to meet a
minimum standard of energy performance, and this will be measured by a
standardised measuring system. This should force designers and construc-
tion companies to increase their level of performance, resulting in higher
quality buildings than we have today.

The United States has also initiated a similar programme called High-Per-
formance Commercial Buildings: A Technology Roadmap.

‘The fundamental goal is to optimise the building’s performance in
terms of comfort, functionality, energy efficiency, resource efficiency,
economic return, and life-cycle value’ (Swartz 2001).

This plan will be executed over the next 20 years and will involve the US
Department of Energy (DOE) and its partners in both the public and private
sectors.

It is becoming more common today for researchers to combine heat and
moisture flows in their research areas and attempt to answer the questions of
what effects heat flows in buildings have on moisture flows and ventilation
requirements (Samuelson 1998). The theory behind moisture and heat flows
are very similar, but there is one important factor that makes moisture calcu-
lations much more complex than heat flows. The difference is that when heat
flows are calculated, the materials are assumed to be dry and the effects of
thermal conductivity are negligible. Calculations are therefore based on a con-
stant temperature and moisture state. Yet, moisture properties are very sensi-
tive to changes in both temperature (the vapour permeability is temperature
dependent) and moisture state. One cannot assume a constant temperature
or moisture state when calculating moisture flows. In addition, other factors
such as the material’s properties and air velocity can have effects on the flows.
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A careful balancing act is required to obtain buildings that are both energy-
efficient and healthy for its occupants (Sandin 1990).

Computer software is available for calculating heat flows in buildings. Most
of these are specific programs designed to calculate the heat flows of various
components like attics, crawl spaces and walls. Some of the software such as
MOIST HEAT2 and HEAT3look at the one, two and three-dimensional steady
state of a design respectively. The user is able to improve the heat resistance of
the design by changing both the design and materials used in the simulationin
order to decrease the amount of heat energy lost from the building. The main
concern with current software thatis available today is that it is difficult to use
(Blomberg 2000; Burch & Chi 1997).

There are also many computer programs available for calculating the
energy usage of a building. These programs usually take into account the
weather, type of windows, type of walls, and other specific details of a build-
ing. Each program usually has a feature that sets it apart from others. For
example, ENERGY-10 can include passive solar heating, glazing and thermal
massin the design phase (EREC 2000). NHER Evaluator also calculates energy
usage; however, it has the option of calculating surface condensation and the
effects of cold snaps (NES 2000). Using software of this sort enables users to
test alternative materials and designs in order to optimise their building’s
energy usage.

Air flows

Ventilation is the link between the indoor air and outdoor air of a building.
With proper ventilation, a building has a readily available supply of fresh air
that keeps the interior thermal environment comfortable and moisture levels
under control. As buildings become more energy-efficient, they are required
to be more airtight. This places more importance on a properly designed and
balanced ventilation system. Without properly designed ventilation systems,
buildings can rapidly become odorous and unhealthy to the occupants, be-
cause of a build-up of chemicals, moisture and organic compounds. In recent
years there havebeen many studieslooking at the relationship between indoor
air quality and ventilation rates. The consensus is that, up to a certain point,
the lower the ventilation rate, the worse the indoor air quality (Fisk 2000; Sun-
dell 2000; Wargocki et al. 2000; Apte et al. 2000; Milton et al. 2000). For a more
detailed examination of the importance of ventilation systems, see Chapter 5
(A life cycle cost approach to optimising indoor climate systems).
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Moisture flows

Moisture and its effects on a building is a common topic of discussion within
the building physics field today (Luthander 2001; Samuelsson 2001). The topic
is, however, very complex and covers many areas of science.

If we want to understand fully the problems caused by moisture we must
look to various disciplines in the scientific community. They include medical
doctors and researchers, microbiologists, biologists, physicists, chemists and
engineers. By taking a multidisciplinary approach, we can begin to under-
stand the nature of the problems associated with moisture in buildings and
how to prevent them (Wolkoff ef al. 1997; Sundell 2000).

Three methods of transportation that enable moisture to come into contact
with materials are convection, diffusion and capillary action. Convection
processes involve moving air that picks up and deposits moisture on the
surface of materials. Diffusion of moisture through the air contributes less
moisture to a material than convection, due to the volume of moist air that is
exposed to the surface of the materials. Capillary action mostly takes place
underground, when groundwater is drawn into the materials (Sundell 2000;
Nevander & Elmarsson 1994).

There are many different paths for moisture to enter a building and these
can appear during any of the different stages in the construction process. Be-
fore the construction phase, some of the materials can be shipped wet to the
job site. For whatever reason, these materials are not allowed to dry properly or
they are exposed to water in storage or during transportation. Evenif materials
are shipped dry, they sometimes become wet at the job site due to improper
storage. If materials are stored properly, i.e. stored indoors or covered up, the
risk of a building becoming damaged due to moisture can be significantly
reduced (Sundell 2000; Nevander & Elmarsson 1994).

After the building is complete, there is still a risk of damage from both the
indoor and outdoor environments. Figure 7.1 shows some of the possible dam-
ages that can occur when different materials are exposed to various levels of
moisture. The majority of moisture damage begins once the relative humid-
ity has reached a level of around 75%. This shows the importance of proper
ventilation and indoor climate control. Indoors, people contribute to the mois-
ture level by physically sweating, cooking food, taking showers etc. In other
buildings such as paper mills, swimming pools, and other facilities that use a
lot of water, there is a very high risk of moisture damage due to condensation
(Sundell 2000; Nevander & Elmarsson 1994).

The greatest outdoor risk to a completed building is the weather. Rain, snow
and humid air can result in exposed materials becoming very moist. In addi-
tion, leaks in the vapour barrier and in the roof can allow moisture to come
into contact and contaminate various materials.
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Fig. 71 The effects of Relative Humidity (RH) on different building components
(based on ideas, contributed during a discussion, by Professor Géran Fagerlund,
Lund Institute of Technology, Lund, Sweden).

Despite the availability of this knowledge, the same problems continue to
occur. Arecent, large-scale housing project (Hammarby Sjostad in Stockholm)
that was designed according to environmentally friendly principles became
a focus for the mass media when moisture problems developed in some near-
finished apartments. The problem was attributed — though not proven —to an
unusually moist summer during the on-site production phase. The materials
were not protected adequately from the moisture and in turn became wet.
Not long after the heating system was activated, mould began to grow on
the materials, contaminating a number of the apartments (Luthander 2001).
Problems of this nature are notlimited to Sweden; Denmark, the UK and many
other countries are seeing an increase in moisture-related problems. These
projectsillustrate thateven well designed, environmentally friendly buildings
can have moisture problems due to a combination of weather, materials and,
increasingly, the on-site production process.

Computer programs that attempt to predict the likelihood of moisture
penetration are increasing in number. However, they are few in comparison
to heat modelling programs due to the complexity of moisture flow. In order
to develop a reliable moisture model, an accurate temperature model must be
used. Some software exists today: WUFI from Germany is able to calculate
both heat and moisture flows in a one- or two-dimensional scale using differ-
entmaterials (Gertis 2000). RISK1 from Sweden is a one-dimensional program
that calculates the risk of moisture damage to a building depending on its
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geographiclocation (Harderup 1999); and MOIST from the USis a one-dimen-
sional heat and moisture calculation program (Burch & Chi 1997).

Economic aspects

Failure in the performance of buildings results directly in financial loss for
owners, occupants and other stakeholders each year. According to Fisk (2000),
in the US, the estimated potential annual savings and productivity gains are
US$ 6-14 billion from reduced respiratory disease, US$ 2—4 billion from re-
duced allergies and asthma, US$ 10-30billion from reduced sick building syn-
drome symptoms, and US$20-160billion from directimprovements in worker
performance that are unrelated to health. In Sweden, about SEK 6 billion (€665
million) per year is spent on repairs and maintenance. Of that, roughly half
goes to damages attributed to moisture damage (Tolstoy 1994).

Today, the average Swedish household can expect to pay SEK 200 000-
300 000 (€22 000-33 000) to repair its moisture-damaged home. These costs
do not include health care costs associated with asthma, multiple chemical
sensitivity, sick building syndrome and reduced productivity, all of which can
be caused by a building with poor performance. While it is debatable whether
some of these illnesses can be attributed to physical or psychological causes,
it remains the case that people suffer from symptoms caused by inadequate
buildings (Willers et al. 1996; Wolkoff ef al. 1997; Arnetz 1999; Terr 2000; Apte
et al. 2000; Milton et al. 2000; Wargocki et al. 2000).

It is rare for construction companies — house builders in particular — to
calculate and show their customers the long-term operating costs and likely
problems associated with a specific design. Barrett & Stanley (1999) touch
on the issue of customer empowerment, arguing that the construction sec-
tor should empower its customers and should enable them to become more
acutely aware of the details of their project (or home). This could be interpreted
as arguing the case for greater awareness on the part of customers. If custom-
ers are insufficiently experienced to address certain issues of the construction
process, the sector should provide information to enable them to fulfil their
role as informed (or intelligent) clients. This information could be in the form
of possible and known designissues, estimated operating costs such as energy
usage over the lifetime of the building, maintenance costs or the overall sus-
tainability of the building (Barrett & Stanley 1999).

When a building is found to malfunction, the materials of its composition
are among the first items to be investigated. The decision to use one material
over another is usually more of an economic issue than one of performance.
An exception to this is if a more expensive material is chosen for its environ-
mental properties. However, this does not mean that the material is superior
physically. Usually, greater emphasis is placed upon materials that are cheap
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and that will perform to the minimum performance required by legislation
and building codes. This helps to keep the cost of the building down, which is
an advantage to both the construction sector as well as the economy.

Recognising that the lowest bid does not always represent the most eco-
nomically advantageous solution is a widely held view. Some countries have
adopted other methods such as eliminating the highest and lowest bids and
accepting the bid closest to the average (Hatush & Skitmore 1998). While this
method can help to reduce short-term building failures by allowing compa-
nies with better quality control over workmanship to be awarded contracts,
this does not guarantee that long-term building failures will be avoided. The
operating costs of a high-quality building can still be high due to inadequate
measures regarding energy use. However, companies can reduce the risk of
both short and long-term problems and energy costs by addressing aspects of
building physics early in the construction process.

Research project
Project description and objectives

The aim of this project is to determine and develop tools that could be used
to include aspects of building physics in the design stage of buildings, by
highlighting some of the economic benefits. This project will entail the iden-
tification of building physics areas having the largest potential impact on the
decision-making process, the design of a tools package for use in the sector,
the testing of this package by companies and the analysis of results. The main
objective of this project is complementary to other projects discussed in this
book. The concept behind this particular project is that by improving the
quality of new buildings, the construction sector will gain techniques and
knowledge that will make it more competitive on both the national and inter-
national level.

Research methodology

This project makes use of qualitative and quantitative methods. In the early
days of this project, a literature study was conducted in order to determine the
areas where the building physics tools package would have the most beneficial
impact on the construction sector. This will be continued during the entire
project. A problem with literature surveysis that they do notindicate the kinds
of tools the sector might be interested in deploying.

Interviews and surveys are methods of enquiry that could be used to help
in defining such tools. These methods would be more reliable than a literature
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study; however, such methods can be problematic, not least because of the dif-
ficulty of establishing a representative sample. That said, it is recognised that
commercial exploitation of the results of the research would most probably
require sampling of the population.

Participantobservationisanalternative method thatcould be used torecord
a construction company’s activities and enable a tools package to be designed
to fit those activities. However, this was not considered to be an appropriate
method, because of the amount of time required to conduct observations.

Onceatoolis designed and developed, afew methods are available foranal-
ysis and verification. The primary method under consideration is a detailed
case study of one company to determine what effects the tool has had on the
company’s decision-making process when planning abuilding. Analternative
is to use the tool with a number of different companies and create examples
that are less detailed, but perhaps more representative of the construction
sector than a single case study. A later phase in the research may, therefore,
include a set of case studies in which specific experiences of using the tools
package might be investigated.

Research results and industrial impact

Quantification of results

In this project, we expect to see that the cost of actively incorporating building
physics principles into the design phase of abuilding is demonstrably less than
the potential consequences of not including them. Up to now, the literature
suggests that there are large potential cost savings from integrating building
physics principles into design decision-making. The literature also suggests
that these savings should come primarily from reduced renovation costs,
increased energy efficiency of the building during occupation, increased per-
formance from workers and decreased sick leave/health care costs.

Implementation and exploitation

Discussions will take place with related projects under Competitive Building,
with a view to having the resultant tool utilised in practice —see also Chapter 6.
The aim will be to help designers achieve greater energy efficiency and avoid,
or at least reduce substantially, moisture problems. A tools package of this
nature could also increase the competitiveness level of Swedish construction
companies on both the national and international level.

The incentive for utilising the tools package in routine design is to cut
ownership costs for the customer (and taxpayers) by reducing the amount
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of repairs arising from moisture problems and health problems associated
with the occupation of buildings. If customers were made aware of the tools
available to designers and construction companies, they might force their use
through demands for better information. There is also the health dimension.
Operatives who feel healthier are more productive; even a small increase in
productivity can translate into worthwhile profits for a company. In addition,
by ensuring a high level of healthiness, the amount of health care resources
needed may be reduced.

Conclusions

Today, a considerable amount of money is being spent on repairing buildings
damaged by moisture, treating people who have become ill in their home
or work environment and paying unnecessarily high energy bills. For the
most part, technology exists to reduce these costs dramatically; however, the
construction sector is generally not motivated to utilise the available informa-
tion.

Building physics has the potential for builders to generate and for custom-
ers to save large sums of money each year. Easy-to-use tools for the sector
are needed to highlight the economic benefit of key decision-making during
design. This would help to create a smoother transition to designing better
buildings than the present state of affairs.
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Chapter 8

Physical Status of Existing Buildings
and their Components with the
Emphasis on Future Emissions

Torbjérn Hall

Introduction

An important goal for the construction sector is to have the knowledge and
tools that will enable it to satisfy, in an economically optimal way, the expected
aesthetic, technical and environmental requirements of a building project.
This must also include a healthy indoor climate for everyone. However, it is
not always possible to satisfy these requirements.

In addition, in the case of refurbishment and rebuilding projects, there are
often a greater number of unknown and difficult-to-assess conditions than
in new building construction. Among other things, these may cause the in-
door climate in the completed building to be of lower standard, and manifest
themselves as undesirable odours and airborne pollutants of varying degrees
of hazard to health. The extent of the problem varies from levels of pollutants
so low that they are not noted at all, to levels where most of them expose a
building’s occupants to serious and immediate symptoms. Such defects are
often expensive to remedy. Assessment of the status of the existing building,
with its subsequent demands for control, planning and implementation, also
exert powerful economic pressure. There is, however, a shortage of established
tools and procedures, and a lack of fundamental knowledge regarding how to
examine factors that would secure a healthy indoor climate before refurbish-
ing or rebuilding.

The main objective of the research described in this chapter is to develop
methods for examining and assessing parts of existing buildings. A second-
ary objective is to develop the methods to evaluate the future performance of
the affected parts in the renovated building. Another objective is to develop
methods and tools to diagnose more confidently the damage and indoor air
problems in buildings so that it is possible to choose adequate, reliable and
cost-effective remedial measures. The final objective is to transmit the results
from these assessments to the parties that are involved in the refurbishment
or rebuilding project.
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State-of-the-art review

Problems faced in buildings

The term “‘unhealthy building’ refers to a building in which people feel unwell
because of the building. The symptoms associated with this are summed up
under the recognised term ‘sick building syndrome’, or SBS. A better term for
explaining this condition is “building related illness’, or BRI. This interdisci-
plinary problem area has been amply described in scientific literature and
interests researchers from large parts of the world, but mainly those in the
industrialised countries (Samet 1993).

The greatest cause of BRI is the presence of chemical and/or biological air-
borne pollutants in the indoor environment, in concentrations that give rise
toill health in certain people. Examples of such pollutants are volatile organic
compounds (VOC) and particles (Koponen et al. 2001). Pollutants in the indoor
environment may originate from outside, but also from the inside through
emissions from, for example, building materials, fittings and furnishings,
building services, people themselves or the activities in the building,.

The term ‘emissions’ is used here as aname for both chemicals and biologi-
cal emissions of gaseous substances, particles and fibres, and for radiation. In
the case of materials, pollutants stem mostly from primary emissions. These
occur without any damage to the material. More significant pollutants arise
through secondary emission from materials after they have been damaged,
altered or broken down. Examples of these are emissions from the adhesive
on plastic floor coverings that has decomposed due to alkaline moisture from
concrete (Sjoberg 2001), and high moisture levels in organic materials that give
rise to abnormal growth of micro-organisms.

The causality between ill health and measurable pollutants in the indoor
environment is largely unclear. However, it has often been found that the
sources of pollutants that are the cause of BRI are emissions from surface
finishes and building components (Gustafsson 1992; Walinder et al. 2001). A
practicable way of remedying defects in buildings with BRI may be to look for
abnormal primary emissions or secondary emissions from damaged finishes
and building construction (Wessén & Hall 1999). Assessment should, how-
ever, be made with care and be preceded by a broad-based and well-executed
damage investigation.

The experience of indoor air quality specialists shows that the causes of
pollutionin indoor air can be found and traced, for instance, to moisture-dam-
aged building materials or construction. When these damaged building com-
ponents are subject to remedial treatment, the symptoms decrease or vanish
(Kumlin et al. 1994; Samuelsson ef al. 1999).

This knowledge is, together with countless investigations of the cause
of BRI and the author’s experience over 15 years as an indoor air quality
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specialist, the foundation of and, to a considerable extent, the basis of subse-
quent sections. This knowledge and experience are utilised as a basis for the
research, in order to enhance the quality of proposed remedial measures and
their implementation in problematic buildings, by providing it with a better
scientific foundation.

The need to verify or assess the causes and sources of BRI by technical
measurement does not arise only when a building is judged unhealthy. Meas-
urement is also needed after new construction, refurbishment or rebuilding
in order to verify that the building has a healthy indoor climate, or at least to
ensure that the finishes and construction do not have elevated levels of emis-
sions. Anappraisal of air quality and any abnormal emission sources may also
be desirable in existing buildings because an owner or a tenant, for a number
of reasons, requires it.

Appraisal of, for example, moisture status, emission levels and any pollut-
ants that may have been deposited from previous activities or high-emitting
materials may also be necessary prior to a rebuilding project. This should
provide knowledge of how existing materials, building construction and serv-
ices installations must be remedied in order that the building should have
a healthy indoor climate. The same applies regarding the care that must be
exercised when existing and new materials are combined or when composite
materials are used.

In the case of rebuilding, there are often a greater number of unknown and
difficult-to-assess conditions than in new construction, such as the conversion
of anindustrial building to offices. For instance, there may be unknown causes
of damage in materials and building construction, with associated elevated
emissions of a long-term character caused by previous high moisture levels.
There may be deposits of pollutants, long inside existing structural elements,
from both previous activities and from older high-emitting building materi-
als. There may exist materials and types of building construction, which, in
combination with modern materials, may create new problems in the altered
building. These may result in an indoor climate of a lower standard in the
completed building, and may manifest as undesirable smells and in various
degrees of pollutants that are hazardous to health; for instance, high levels of
xenobiotic compounds.

In appraising the condition of buildings that are not known to cause BRI,
the approach of looking for damaged materials or other defective functions
etc. may also be employed. It should, in this way, be possible to assess empiri-
cally whether the building has normal or abnormal emissions from materials
and building construction. In the same way, it should be possible to judge the
concentration of pollutants in the indoor air itself. A moisture status analysis
can also be performed to assess the risk that damage may have occurred or
is likely to occur in future; for instance, the risk of microbial growth or an
elevated content of chemical emissions.



96 Construction Process Improvement

With a properly executed damage investigation, it is often possible to find
the cause of defects in buildings with BRI. On the other hand, it is not possible,
using the same knowledge and tools, to decide by technical measurement that
abuilding cannotin the future give rise to BRI The reason for this is that there
is very little coupling between health effects and the content of different pol-
lutants. It is, for instance, impossible with the present state of knowledge to
assess by technical measurement alone whether a new or altered building is
free from pollutants hazardous to health. Instead, the occupants themselves
must after completion act as the decisive measuring instruments.

We can only check on those pollutants for which measurement and analy-
sis equipment is available. Based on these results, we can empirically judge
whether these levels correspond to what we usually measure in healthy build-
ings or in buildings with known BRI. Obviously, this is highly unsatisfac-
tory. In this case, also, the solution may be to develop knowledge by in-depth
research so that materials and material combinations and their effects on the
indoor environment may be better assessed.

Future emissions

One of the more important parameters regarding the physical status of an
existing building is that of future emissions.

The future emissions from the materials used in a renovated or new build-
ing will depend on the properties and composition of the materials, including
residual substances that may be emitted, and the future environmental condi-
tions inside and around those materials. Materials that do not, or did not, give
off any emissions in the existing building may be significant sources of emis-
sion in the future if the environmental conditions change or if the material is
combined with others in a new way.

Methods for examining the materials used, including possible contami-
nants, with respect to critical transport properties, the content of possible
future emissions, sensitivity to changed environmental conditions and com-
bination with other materials, have to be studied in order to improve under-
standing and quantification (Gustafsson 1992).

The rate of emission of substances from the materials in a building is
governed by a complex interaction between a number of factors. Certain
properties of the materials and substances are critical. A number of liberation
and transport processes in the material and between materials in material
combinations will be involved — see Fig. 8.1. The temperature and moisture
conditions in the materials and at their surfaces will have a significant effect
on these processes (Haghighat & De Bellis 1998).

We can identify three cases where the processes in the materials are quite
different:
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Fig. 8.1 Emission is governed by a complex interaction between a number of
factors.

¢ primary emissions from a single material;

* secondary emissions of future reaction products from material combina-
tions; and

* secondary emissions of absorbed substances.

Primary emissions from a single material

Some substances from building materials, and other materials within a build-
ing, may be emitted as a gas into the indoor air, if the substance is not firmly
bound and exceeds its equilibrium content in the material. Such an emission
process usually involves a process of liberation of a portion of the substance
from the material and a transport process up to the material surface or a va-
porisation front, where the substance turns into an emission from the material.
There are numerous typical examples; for instance, rapid emissions from thin
surface finishes or surface materials on floors, walls and ceilings, long-term
emissions from thicker building components etc. (Gustafsson 1992).

To be able to describe and predict the rates of primary emission, the emis-
sion process has to be understood and quantified. The binding and transport
properties of relevant substances, at different levels of temperature and
moisture, must be measured. The rate of emission of the substance should be
predicted by solving a mass balance equation. The understanding and quanti-
fication of the material processes should be verified by comparing predictions
with measured distributions of the substance in a material and with measured
rates of emission.
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Secondary emissions of future reaction products

In certain cases, a substance in a material may react with a substance from
another material in combination and give rise to reaction products that may
be liberated as emissions from the material combination. The reaction may
occur at a certain depth in one of the materials or at the boundary between
the materials. Several liberation and transport processes may be involved. A
typical example is combinations of vinyl floor coverings on concrete slabs
(Wengholt-Johnsson 1995).

The description and quantification of the rate of emission of a reaction prod-
uctmustbebased on an understanding of the material processes involved and
on measurements of the critical properties of the materials and the relevant
substances.

Secondary emissions of absorbed substances

In an existing building, materials may contain substances absorbed from the
indoor air or from the previous activities in the building. Additionally, sub-
stances from other materials or reaction products from earlier deterioration,
for example from floor coverings exposed to moisture and alkali attack, may
have penetrated deep into the substrate materials (Sjoberg 2001). Methods for
sampling or measuring the distribution of such substances in situ must be
developed and prediction methods for future behaviour must be developed
and validated.

Physical status of an existing building

Other important factors and parameters regarding the physical status of an
existing building are diagnosing damage and problems, residual service life,
moisture mechanical behaviour, material properties and environmental as-
sessment.

Diagnosing damage and problems

To make a diagnosis is to decide the cause of damage and problems that have
occurred. A diagnosis is built on data concerning the damage history and
findings from an investigation. By analysing this information, the cause is
determined in such a way that it explains relevant findings and is shown to
be able to give rise to the damage history in question. If this cannot be done
completely, the diagnosis has a certain degree of uncertainty. If the result of the
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analysis indicates that several causes may be possible, additional information
or investigation is needed to distinguish between them.

To provide thebasis for an opinion regardingliability, itisusually necessary
to carry the diagnosis so far that it is possible to show that causality exists, i.e.
there is a connection between the precise cause of the damage and someone’s
responsibility. On the other hand, if the purpose of the diagnosisis only to pro-
vide the basis for repair measures, the diagnosis does not have to distinguish
between different causal connections that require the same measures. The
same general approach canbe applied to most types of damage. However, this
section concentrates on moisture-related damage and indoor air problems.

Moisture may cause damage to building materials, give rise to unhealthy
emission to the indoor air, and increase allergic symptoms. If adequate meas-
ures are takenina damaged building and its structure, emissions and, thus, al-
lergic symptoms will be reduced (Ekstrand-Tobin & Lindgren 2000). Damage
due to moisture and indoor air problems in buildings is a frequent occurrence
(Walinder et al. 2001). The cause of the damage and problems must be known
in great detail so that the proper remedial measures may be recommended
and liability correctly determined. However, such a diagnosis is almost never
based on scientific grounds but is more or less an informed guess. A diagnosis
mustsatisfy some requirementsifitis toberegarded asreliable (Nilsson 1994).
These requirements may be expressed in this way for moisture damage. A
moisture diagnosis must show:

* aconnection between moisture and damage, i.e. show that the damage is
due to moisture and not something quite different;

* the origin of the moisture, i.e. from where the moisture was supplied; and

* the causality, i.e. why this moisture source could cause the damage.

The causality is shown if these requirements are satisfied, and a cause is found
if it explains all the information and findings and leaves no loose ends. If this
foundation does not exist as a basis for the conclusion, the diagnosis is not
reliable.

Residual service life

The service life of building materials and components depends on the en-
vironmental actions, critical material properties and the functional require-
ments for those elements. A prediction of the service life involves describing
performance over time in terms that can be compared with the functional
requirements (Aktan et al. 1997).

When evaluating the status of an existing building, the first important
step is to estimate the remaining service life of the structural elements, the
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materials that are critical for the structural integrity of the building and those
parts of the piped and ducted systems that cannot be replaced without de-
molishing large parts of the building. The next important step is to evaluate
the residual service life of non-structural materials, i.e. exterior and interior
surface materials, insulation etc.

The residual service life is a function of the previous and future environ-
ments around the materials and components. The environmental conditions
in the existing building may be accurately determined by direct measurement
or estimated from the response of selected materials, by measuring moisture
distributions and depths of penetration of certain substances etc. (Sjoberg
2001). The critical transport properties of the materials can be measured di-
rectly, in situ or from samples. The predictive models for performance over
time can be extensively calibrated on one occasion by examining the present
values of the performance parameters in the existing building. In this way,
predictive models for describing the future behaviour of the materials and
components in the same building after renovation, and possibly altered envi-
ronmental conditions for the materials, may be significantly improved. Even
the predictive models for future utilisation of the materials and components
used inanew building may be improved largely if the knowledge of the earlier
behaviour in a somewhat different environment is taken into account.

Tools, methods and models for evaluating environmental parameters and
critical material properties from materials and components in an existing
building have to be improved, based on a better quantitative understanding
of the deterioration mechanisms for various materials and components. Some
areas of research and some materials in certain applications are mature. Other
areas are immature and require thorough studies at great depth and over long
periods. There is little basic knowledge and experience is lacking. The time
taken to develop new applications is long and much support is needed over
several years.

Moisture mechanical behaviour

The design of a building or a building component is undertaken, among other
things, to avoid moisture damage, moisture-induced emissions or moisture-
induced changes in the performance of materials. One result of moisture design
is that changes over time in moisture distributions within materials and
components can be predicted (Nilsson 1984). Consequently, in an existing
building, those results are of critical importance for predicting the residual
service life of materials and components as well as for predicting future rates
of emission from the materials used.

Moisture design requires knowledge of the critical moisture properties of
the materials, transport properties, moisture fixation properties and critical
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limits, as well as knowledge of future environmental actions on the materials
and components. With proper calculation procedures, moisture mechanical
behaviour can then be predicted and used in design.

In an existing building, the composition and the quality of the materials
may not be well known. However, the properties and moisture prediction
models may be derived and calibrated by taking measurements on the existing
structures and comparing them with the predictions. The true moisture me-
chanical behaviour of existing materials and components in a given environ-
ment would make it possible to improve significantly the prediction models
for both new and existing buildings.

Material properties in situ

Used materials may, in some respects, have the same or better properties than
new materials. Before a demolition process is planned, selected materials
should be examined to estimate their properties for a variety of future uses in
new buildings. Such estimates may be derived from in situ measurement, part-
ly destructive and partly non-destructive (Wessén et al. 1999; Wolkoff et al. 1991)
or from laboratory or field measurements on statistically selected samples.

A study is needed to determine which are the properties that are most sig-
nificant in making estimates about a selection of materials, before a decision
is taken on how to extract them from an existing building — acceptance levels
for evaluating the test results must be expressed. Methods for performing
measurement have to be developed or adjusted to the special conditions for
used materials.

Environmental assessment

The assessment of the status of an existing building before decisions are made
on maintenance, repair, refurbishment or rebuilding must include an assess-
ment of the environmental aspects of the building materials and components
inthebuilding. This topicis extensively covered inseveral recent and on-going
projects, i.e. within the Research School of Sustainable Building (Glaumann
1996), supported by MISTRA (The Foundation for Strategic Environmental
Research).

Research project

The sub-theme of future emissions has been selected for the research project
covered by the chapter. A major reason for this selection is its significance to
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the future use of an existing building that is to be refurbished or rebuilt, pos-
sibly for quite new occupant activities. Other reasons are the present lack of
knowledge and experience in this area and the urgent need for tools to quan-
tify the present status and predict future behaviour.

Description and objectives

The study is limited to developing tools to control future emissions from con-
taminants in building materials in existing buildings. The objectives are to
develop methods to:

¢ survey the distribution and measure the penetration profiles of absorbed
substances;

e predict future emissions of substances from materials and structures;
and

* assess remedial measures against future emissions.

Research methodology

The methodology comprises five stages: first, measuring the content and dis-
tribution of substances that canbe emitted in materials and structures; second,
modelling the rates of emission based on an understanding of the chemical
and physical processes; third, quantifying the critical properties of the mate-
rials and the substances in independent measurement; fourth, verifying the
validity of the modelsin controlled laboratory experiments and in field studies
of rates of emission from single materials and from combinations of materials;
fifth, guidelines for practical applications, for example, on the choice of mate-
rial combinations, testing of materials and design of structures, based on the
models developed in the programme area.

Project plan

The project begins with a broad approach. Existing knowledge is identified,
elicited and structured. Laboratory experiments will be performed in order to
create penetration profiles of absorbed substances under controlled conditions.
Field experiments will be performed inseveral ways. A preliminary aimis that
5-10 buildings will be selected for study. Some should be suspected of having
contaminants from the previous activity in them. Some should be suspected
of having traces of reaction products from, for example, flooring materials.
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Attempts will be made to detect the presence of substances from the materials
in the indoor air by analysing air samples. Rates of emission will be measured
at selected surfaces of the original materials and at various depths inside the
materials.

Air samples for these measurements will taken with a Field and Labora-
tory Emission Cell (FLEC) (Wolkoff et al. 1991). Methods for surveying the
distribution of substances in the structures will be tested and possible devel-
opment identified and undertaken. Other methods will be tested to measure
the penetration profiles of substances at statistically selected points in the
building’s structure and at selected points shown by the previous survey to be
representative of various elements. Generally accepted methods do not exist
today, but two options would be to measure inside small holes drilled into the
elements or to take small samples.

Laboratory experiments will be performed before and after the field tests to
develop the survey methods, measurement methods and analysis techniques.
Simple, inexpensive analysis techniques should be a goal, with affordable
thorough surveys and measurements. Laboratory measurements will also be
taken on rate-critical parameters of emission processes to be included as input
data for the predictive models.

Predictive models for the absorption and emission processes under various
conditions and for a selection of materials and substances will then be devel-
oped. This is done by quantifying the important parts of the mass-balance
equation, from the penetration profiles and from separate measurements on
thin samples. The predictive models will be verified by measuring the rates
of emission at the materials” surfaces in a few of the selected buildings some
years after they were rebuilt. Additional verification will be achieved through
laboratory specimens. The predictive models can be used to assess alternative
remedial measures. The assessment must also consider the planned future use
of the building by incorporating its requirements for indoor air quality.

Research results and industrial impact

The projectis expected to yield survey methods and tools for assessing the risk
of future emissions in existing buildings that are to be the subject of refurbish-
ment or rebuilding. Such tools and methods areneeded by the sector for at least
two reasons. First, future building activities will be mostly concerned with
rebuilding the existing building stock, which requires a different approach to
future emissions. Second, a good indoor air quality is an increasingly impor-
tant prerequisite for all buildings.
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Conclusions

In order to reduce the number of cases of BRI and its consequences in new
building, refurbishment and rebuilding, we need knowledge and the ability
to understand, and also to predict, how materials and material combinations
behave in different service situations. Further research inputs are needed to
develop this knowledge as a basis for recommendations as to how materials
mustbe assessed prior to use. This applies tonew building and rebuilding, and
also to problem buildings under occupation. Such know-how would provide
the basis for developing measurement and predictive tools for use in assess-
ments. The cost of a thorough status determination should be compared with
the costs of the possible consequences of bad decisions due to lack of relevant
information during the redesign of an existing building.
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During the construction process, many parties are present over a period that
can range from months to years. Their interaction can be characterised by the
optimisation of numerous factors. Decisions in the early stages of the process
usually affect work conducted later. This implies that facts motivating deci-
sions mustbe communicated throughout the whole process and that decisions
should focus on the end product. Failure or lack of communication leads to
technical errors, resulting in products that fail to fulfil the client’s require-
ments. The reasons for communication breakdown and subsequent technical
failures must be investigated to improve the end product, namely a building
that functions as intended.

An objective in the construction process should be a product that works
properly in a technical sense and that satisfies the needs of the client. This can
be achieved by improving the interface between building technologies, actors
who control the different technologies and by having common objectives dur-
ing the process. The reduction of errors that would occur from a co-ordinated
interaction and common objectives could lead to a significant decrease in
capital cost for the project and subsequent operational costs.

Onearea considered in this chapteris building physics. The subjectincludes
transfer of energy, moisture and air in buildings. High-energy consumption
may be indicative of a malfunctioning indoor climate if it is at odds with the
expected range of performance. An accurate calculation of energy use is de-
pendent upon well-defined design criteria, design practice, production and
installation of services. Lack of attention to building physics is considered to
be one of the factors leading to sick building syndrome.
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State-of-the-art review
Areas for enhancing building performance

The construction process is exposed to increased complexity (Formoso et al.
1998), suggesting that the process itself needs to be systematically reviewed
to generate higher value. Interest has been directed to the production philoso-
phies of Japanese manufacturing industry to highlight just-in-time delivery,
quality and, in some cases, procedures to simplify process improvement. In-
terest has, however, grown rather slowly (Koskela 1992).

Attention seems to have been drawn to a limited number of elements of
Japanese manufacturing philosophies, where some are introduced to the man-
agement role in the construction process; while other parts and preconditions
have been little discussed. Reduction of project duration is one issue that
draws attention. Wilkinson (2001) found that the main reason for using con-
struction management or project management company services is so that the
client achieves speedy completion of the project. It has also been argued that
the project management role, in the UK in particular, places too much empha-
sis on the achievement of time, cost and functional targets that are frequently
poorly defined (Brown ef al. 2001). Ballard (2000) recognised that the theory
and techniques of project management are mainly devoted to the formation,
award and administration of contracts. This would probably be true for the
construction process in many countries.

One issue that seems to be little discussed is that to be able to have an ef-
fective procedure, an objective has to be present. This is a growing issue since
new building codes are moving away from prescriptive technological codes;
e.g. the thermal transmittance for a part of the building envelope must be less
than a specified value and conform to a functional code. Established practice
is based on such prescriptive requirements, which are perhaps simpler to
work with than performance requirements, but they risk standing in the way
of more efficient and economical solutions. The reasons for this are that such
practice excludes the possibility of another solution being better and that it is
a poor way to utilise other people’s ideas or knowledge (CIB 1982). With this
inmind, the process should start with a thorough investigation focused on the
end product to reveal the necessary criteria, allowing them to be communi-
cated through the whole process to the operational phase. If this were to be the
end of the process an important phase would be excluded; that is, the evalu-
ation part, where one determines how well the product satisfies the criteria
stated in the process. This implies that the criteria should also be quantifiable
in some manner.
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Establishing project objectives and corresponding technical criteria

A construction projectisinduced by client needs; but often the project outcome
fails to satisfy them. There are many reasons for this and one challenge is to
comprehend client needs, which should be revealed during the briefing stage
of the project. According to Barrett et al. (1999), briefing is seen as a singular
event at the beginning of a project, rather than a process, where requirements
are systematically written down. This means that while the project proceeds
and client awareness increases, the ability to make changes is reduced. The
recommendation is that briefing is a process running throughout the con-
struction project, by which means the client’s requirements are progressively
captured and translated into effect (Barrett et al. 1999). It should also be rec-
ognised that the changes in design objectives or criteria — some of them intro-
duced by clients — are the kinds of factors that tend to push the design process
away from the optimal track (Koskela ef al. 1997). However, this does not mean
that the process will be straightforward.

Construction clients are buying something they cannot see until it is
completed. Few clients can read drawings in a meaningful way and effective
communication is therefore needed that highlights coded information, a ro-
bust message that is reinforced and fed back (Barrett ef al. 1999). Barrett (2001)
found that failing to understand clientneedsis the issue that creates the largest
gap between client expectation and client satisfaction.

The second largest gap is held by project delivery on time. The briefing
should, therefore, not only articulate the strategic objectives, and fit into wider
corporate, risk and environmental management strategies, it should also move
assumptions out into the open so that they are not wrongly second-guessed by
the designer (Bordass & Leaman 1997). This is a problem that the client has to
consider, since there are likely to be different and contradictory needs within
his own organisation. It is also important to make the distinction between
paying client and end user (Barrett et al. 1999).

During the design process, one issue thatis raised is the lack of information
to complete tasks (Koskela et al. 1997). However, it is also true that the designer
needs to break down design tasks in order to identify what needs to be done to
make assignments ready to be performed (Ballard 1999). With this in mind, it
seems as if the information that is needed in design is not only dependent on
the transmitter of the information, but also on the receiver.

One challenge is how to translate client needs into design requirements
and subsequent critical characteristics. Gargione (1999) has used the Qual-
ity Function Deployment method (QFD), developed by Akao in 1990, for this
purpose. QFD is a method that a) develops design quality aimed at satisfying
the consumer and b) translates the consumer’s demand into design targets
and major quality assurance points to be used throughout the production
stage. Gargione identified some obstacles in using QFD; for instance the focus



Co-ordination of the Design and Building Process 109

group did not express most of their opinions, needs and requirements clearly
enough. This could be based on the possibility that participants might be un-
willing to share knowledge even if they were brought together face-to-face, in
the hope that the final solution better favours them than others (Ballard 2000).
This leads to results originating from discussions and negotiations within the
client body and between professionals with diverse perspectives (Kamara &
Anumba 2001). It also transpired that the time to plan and analyse data in-
creased substantially.

Despite the problems, a method to convert client requirements into design
criteria is useful even though prioritising and keeping data up-to-date is still
a major challenge. One question is: what should the project objectives be?
Brown et al. (2001) emphasise that the long-term operation of the end product
should be a primary objective of the process and that one of the reasons for
this matter to fail is that the short-term business needs of those contributing to
the project interfere with the project’s efficient management. This seems to be
relevant, but there are also other forces driving the contributors; for instance,
cognitive aspects of motivation and commitment (Bresnen & Marshall 2000). If
the long-term operational phase of a building is the main priority of a project,
then who is most able to define this requirement and convert it to design and
production requirements?

Brown et al. (2001) believe that the client is the party that benefits from the
long-term operation of the building and should therefore lead the process, but
itis also clear that the client is not interested in technological correctness (Bar-
rett 2001). The designer on the other hand has the technological competence,
buthandling all the interdependencies to reach an optimal technological solu-
tion cansometimeslead tolong design and project duration (Ballard 1999). The
designer also has less knowledge of how to produce a product that is designed
(Alarcén & Mardones 1998). This production knowledge is the speciality of the
contractor and subcontractors, but sometimes they rely too heavily on the fact
that it should be easy to produce. Apparently no single party is fully capable
of leading, but rather a group of individuals can stand a better chance of suc-
ceeding.

A number of key issues can be observed:

¢ Clients should have enough time to increase their knowledge of the project
outcome, based on their requirements.

¢ C(Clients should be able to change their mind when the challenges of their
requests are made apparent to them.

¢ Designers should have sufficient time to convert client requests into key
technical criteria.

* Designersshould have enough time to investigate the interdependencies of
the technical criteria in the building system.
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¢ Contractors and subcontractors, when required, should have the ability to
view the impact of decisions regarding constructability.

This calls for a better understanding of the criteria for project success before
commencing the subsequent phases of a project.

Supervising the process

One issue is how design criteria that support client needs and form a well-
performing building, when successfully stated, should be handled through
successive stages of the process. Even though there is a phase that systemati-
cally converts client requests from the brief into design criteria, that also takes
the construction stage into consideration, it is inevitable that issues relating
to project success will have been anticipated. For instance, clients must be al-
lowed to change their minds, designers will find interdependencies that were
not foreseen and during the production phase there will be new conditions
that were previously unknown.

As earlier identified the client comprehends the product increasingly as
the process proceeds. This is not only true for the early stages of design, but
also during detailed design and the production stage. This suggests that even
though it is hard to manage, it should be possible to review the requirements
of the client in order to produce a building that satisfies. Barrett et al. (1999)
state that when clients attempt to change the parameters, as their knowledge
and feel for theissues involved increases, they are invariably reminded of their
original statements as if to imply that these cannot be changed. This is perhaps
a little exaggerated, but handling changes is increasingly hard to manage as
the project progresses. Since the number of interdependencies grows signifi-
cantly with time, this is one of the reasons for the unwillingness to implement
changes. However, it is not only the client who instigates changes; others
may feel that they are also necessary. In the design and construction stage,
details that imply changes might surface. In such cases, the client ought to be
informed and allowed to review the change.

The design process is complex and has to handle a number of interdepend-
encies. The process also oscillates between criteria and alternatives (Ballard
2000). These factsimply thatitishard to planand manage the process of design,
but it is still necessary. An area that lacks support is the integral comparison
of different design alternatives (Augenbroe & Pearce 1998) that would help in
understanding theimpact of changes. Any changes should be verified in order
to satisfy the main objectives of the project stated earlier in the process.

The building construction stage should be easy to plan and manage, if:
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¢ the client is satisfied with the design;

¢ the design is correct and can be realised through construction;
¢ theintention of the designer is correctly communicated; and

* all conditions on site can be anticipated.

Thisisseldom the case, butif the pre-existing phases wereimproved the build-
ing construction phase could be much easier to manage.

In order to manage the process, aregular review against strategic objectives
mustbe present (Bordass & Leaman 1997). If they are not, the briefing becomes
the set of papers on the shelf that Barrettet al. (1999) recognised. When changes
are necessary, the interdependent areas of responsibility must be informed
and suitable actions take place. Working with monitoring changes will allow
a meaningful feedback to all actors revealing what was achieved, what was
not achieved, why it was not achieved and what can be done to improve the
project’s outcome.

Evaluating project results

It seems as though projects have a tendency to end with the statement that ‘we
made it possible despite all the problems we had with the other participants’,
without acknowledging the obstacles encountered and the improvements ef-
fected. An example where this would be insufficient is in the house-building
sector where evaluation of energy efficiency is a crucial area. Good evalua-
tion helps break through the confidence barrier by countering owners” and
occupiers’ scepticism about energy savings and the level of the investment
required. The evaluation of findings is also essential for helping researchers
and practitioners to refine their methods (DeCicco et al. 1994). Measuring the
outcome is therefore important and it can only be performed if there is some-
thing with which to compare it. Therefore, the earlier briefing process should
reveal quantifiable parameters rather than subjective ones, i.e. a building that
‘Ibelieve fulfils my requirements’. It is also important that all actors involved
in a project are satisfied with the outcome.

Research project

A performance approach is foremost the practice of thinking and working
in terms of ends rather than means (CIB 1982). In order to improve overall
performance, the construction process has to increase its focus on building
technologies and their interdependencies in the building system on a long-
term basis. It is important to investigate criteria thoroughly in the early stages,
because of the evolving nature of the process. This must occur before releasing
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subsequent phases in order to maintain focus on these criteria through the
project.

Role of building physics

Building physicsis an area that has been somewhat neglected, yet itis a subject
that is closely connected to building performance. It involves many building
technologies that should receive systematic attention in the design phase, and
isalso dependent upon customer requirements, performance on site and com-
mitment in use. The increased complexity and number of specialists involved
in the process call for better communication and co-ordination of issues in-
volving building physics.

Neglecting issues involving building physics has been shown to lead to
failures in terms of: high energy consumption, moisture problems, indoor
climate problems and sick building syndrome, among other conditions. In
order to improve the conditions for project success, in the context of building
physics, a number of issues have to be investigated.

*  What goes wrong? Findings have to be prioritised to streamline the man-
agement of the project, since there is a substantial amount of information
to consider.

* Whatis the reason for failure? Is it due to poor communication, lack of ob-
jectives, wrong technologies, errors in installation etc?

¢  What can be done to reduce the incidence of failures in projects?

These investigations have to include the client briefing, design, construction
and operational phases of the process. The design stage is the primary target,
since it is where the product is defined. The results could lead to new forms of
project organisation, new objectives in projects, new roles in projects and new
forms of procurement.

Research methodology

The issues addressed in improving building performance relate to the behav-
iour of actors in the construction process rather than to the technologies that
areavailable. A substantialnumber of problems have been observed, but many
seem to be repeated and so the reasons for this should be investigated.

The study is being conducted as a form of applied research with theoretical
underpinnings (Jensen 1991). This theoretical foundation is based on research
within building physics, communication, organisation and process. The re-
search will contain a quantitative part, i.e. where errors in the performance
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of building technology and systems are measured, and a qualitative part, i.e.
where reasons for failures are drawn from the actors involved. The aim is to
understand why failures arise.

The focus group will be clients, consultants and contractors, because of
their close interaction and the nature of the challenges involved. This will also
give a natural triangulation, i.e. all parties are included and their opinion is
considered, which should improve the generalisation of the results.

The research questions and hypothesis are based on empirical regularity
(Alvesson & Skoldberg 1994), something that has been recognised by consult-
ants and other actors in the construction sector. There is, however, a risk of
subjective contribution to the questions and hypothesis, but if the research is
correctly conducted this will be without prejudice to the objectivity and ap-
plicability of the results.

The research will oscillate between theory and empirical studies, which
leads to a risk that research questions and hypothesis will be adjusted to fit
new discoveries. This suggests that during the progress of the project the
research might deviate from the subject (Jensen 1991). This is countered by a
research objective thatis continuously monitored and when changes are made
they can be traced. Results from the research will be implemented in building
projects allowing confirmatory applicability.

Project success from concentrating on building performance

It is suggested that improved building performance is connected to a better
understanding of building physics, that would lead to lower energy consump-
tion, better indoor climate, fewer defects due to moisture and a decrease in the
incidence of sick building syndrome.

Establishing objectives, co-ordinating and measuring long-term criteria

Energy consumption is an area where long-term operation has to be taken
into account and strategic criteria for energy-efficient buildings have to be
established. In Sweden, the energy use calculation, where required energy for
heating is determined, is seen as a singular event at the beginning of a project
where the calculated energy use for the building must be less than the energy
use stated in the building codes. Calculations are usually based on experience
and expectations regarding insulation, window quality, air change ratio, heat
recovery etc., with little involvement of the client. Examining energy issues
with input based on experience alone is not sufficient, since correct input is
vital for relevant output (Johannesson 1993). The tools used in such calculation
work are also not applied in a systematic way and may not, therefore, establish



114 Construction Process Improvement

interdependencies and allocate potential reductions and efficiency in energy
use.

As noted above, energy calculations are often seen as a self-contained task
and thereafter abandoned. This is seriously misleading, since many factors in-
terdependent with energy usebecome evidentlaterinthe process,and changes
are made to factors established earlier. For instance, it could be assumed early
that the thermal transmittance value for windows would be at a certain level,
but this could be changed both during design and construction with a sub-
stantialinfluence on the average thermal transmittance for the whole building.
Since many changes are made, it is not only important to supervise the process
but also to measure the outcome: in this case the actual energy consumption.
Working this way reveals how well the building corresponds to the levels of
consumption previously calculated. When large differences are discovered
there is the possibility of allocating the criteria involved and taking suitable
action. Thisinformation also serves as a foundation leading to improved work
with energy issues that will decrease long-term operational costs for clients, as
well as reducing the overall environmental impact of the sector.

Indoor climate is an issue that is vulnerable to subjective understanding
that challenges engineers and other actors in the construction process to un-
derstand and articulate client requirements. It is of great importance to state
objectives and convert these into technological factors, allowing clients to
receive a building that satisfies their needs. However, some desires cannot be
satisfied and others are expensive to achieve; sometimes they cost more than
the client expects. An example is indoor temperature, where a small variation
between minimum and maximum temperature leads to a greater energy use
than when a large variation is allowed. Many clients would probably accept
alarger variation in temperature when its relation to energy use is explained.
Moisture in buildings leads to the fabric decomposing at a greater rate than
expected and therefore increases maintenance costs, as well as leading to dis-
satisfied clients. These issues are tied closely to the increased complexity of
buildings and the use of new materials and can be substantially prevented by
the systematic investigation of materials and their suitability for incorporation
in the building.

These examples illustrate the need for a systematic review of the building
system with relevant objectives. Improved communication and close monitor-
ing of the process will lead to better technological solutions and fewer failures
in the area of building physics.

Possible application and gains

If an increased effort could be put into stating objectives, and understand-
ing building technologies and their interdependencies in the early stages of
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a project, an increased level of efficiency would be achieved. When a building
is viewed as an integrated system rather than a series of independent com-
ponents, it can have a significant effect on the outcome (Augenbroe & Pearce
1998).

In a survey of seven Swedish construction projects it was found that 4.5%
of production costs were due to failures. A quarter of these failures were at-
tributed to design, and the main cause was lack of co-ordination, leading to
conflicting actions (Josephson & Hammarlund 1997). A close monitoring of
the process, that allows for action when needed and following up on the end
product, would also improve the predictability of projects and reveal weak
points. An example of how changes could affect the project outcome is en-
ergy consumption for housing exceeding calculated levels by 50% (Adalberth
1997). Some reduction would be possible by closer monitoring of the process,
allowing it to approach the calculated values. This is a major challenge for the
sector that mightlead to changes in projectlife stages, project organisation and
project actors. With an increasing complexity and greater demands on achiev-
ing expected project results an improvement in these areas is likely.

Conclusions

The task of converting objectives to technological criteria is essential to achiev-
ing project success. This is largely self-evident, but implies thorough investi-
gation of interdependent factors throughout the project so that expectations
and likely end results can be compared. In this way, serious and potentially
damaging deviations can be avoided.

This raises the question of the extent of technological errors that might be
attributable to the failure to establish project objectives before work is under-
taken, and the reasons for their occurrence. It is also important to understand
the reasons for technological failures due to communication breakdown in
the briefing process, and during subsequent life stages of a project. Another
question is how measuring project results can be used to improve the sector’s
performance and the factors that should be made quantifiable. Improvement
in these areas within building physics will improve energy conservation, in-
door climate and reduce moisture problems with a potential decrease in the
number of sick buildings as a result. The answers to these questions rest with
the design stage of a project, but are also dependent upon all actors involved
across the different life stages.
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Chapter 10

New Concrete Materials Technology for
Competitive Construction

Markus Peterson

Introduction

Cast in situ concrete is often passed over in house building in favour of other
materials such as precast concrete and structural steel. The justification for
selecting other materialsis generally due to their perceived shorter production
times and longer spanning capability. Novel concrete materials technology
can, however, counter these disadvantages. Extensive international materi-
als research into new concrete technology, especially high-performance and
self-compacting concrete, has revealed new opportunities for the design,
production and function of concrete construction in low/medium-rise house
building. The implementation of new materials technology has occurred in
civil engineering work and in the construction of high-rise buildings. In low/
medium-rise house building, cast in situ concrete is used almost in the same
way and by the same kinds of organisation as in decades past, despite the in-
creasing competitiveness of other materials technology.

The aim of the research reported here is to investigate the potential for new
cast in situ concrete materials technology as a competitive alternative for the
construction of structural frames. The focusis on design, production and func-
tion-related aspects. Economicand organisational aspects are also considered,
because of the implications for practice.

State-of-the-art review

118

Concrete materials research is performed extensively around the world. Dur-
ing the past decade, considerable effort has been put into high-performance
concrete (HPC) and self-compacting concrete (SCC). These new materials (or
technologies) have been implemented in cast in situ construction work, espe-
cially within civil engineering.
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HPC has been used in structures such as bridges, roads, offshore construc-
tion and high-rise house building. The incentives for use have been high
strength and durability, reduced dimensions and dead load, as well as fast
strength development and production cycles. HPC has been used in a number
of prestigious high-rise building projects; for instance Petronas Twin-Towers
in Kuala Lumpur, and the BFG Building and Japan Centre, Taurustor, in Frank-
furt(Claesson 1999). In the Swedish house-building sector, HPC has been used
to aminor extent to achieve a faster concrete curing and drying process. How-
ever, these new materials are seldom used in housing, even if they represent
solutions to problems that are attributable to ordinary cast in situ concrete.

Concrete research tends to concentrate mainly on technical aspects. Non-
technical aspects concerning, for instance, obstacles to implementation or
incentives such as economic benefits, are often limited. Nevertheless, some
research has shown that rationalisation is possible when using new concrete
technology. In Sweden, research results show practical advantages and cost
savings from the use of HPC - see, for example, Hallgren (1993) and Persson
(1996) who describe some of the economic benefits. The results tend to typify
most research, where just one or two aspects are examined. A total concept
that would highlight the range of opportunities available from using this
novel technology is lacking. Indeed, the latter point is a fundamental issue for
construction process improvement and forms the primary aim of the author’s
research project.

Cast in situ concrete in house building

Structural frames used in house building are based on a particular mate-
rial, e.g. cast in situ concrete, prefabricated concrete elements, concrete-steel
composites or timber. The market shares of these materials differ around the
world. In Sweden, approximately 65% of structural frames constructed in 1998
consist of cast in situ concrete, according to a survey by Médngda (1999). That
said, some uncertainty exists, due to the tendency to combine types of mate-
rial in structural frames. The use of cast in situ concrete in house building is
criticised for not being as industrialised or as competitive as other materials
and their associated methods of construction. Even though cast in situ con-
crete frames have been the dominant structural method for house building
in Sweden in modern times, it is seen to have distinct disadvantages in terms
of design, production and function. Increasing industrialisation within the
construction sector means, however, that the use of cast in situ concrete must
be developed further in order to survive (Byfors 1999). Before describing the
possibility of a more industrialised cast in situ concrete method, by using new
concrete materials technology, the present method as adopted in house build-
ing will be described.



120 Construction Process Improvement

From a design perspective, cast in situ concrete structural frames for house
building are normally produced either with tunnel-forms or in combination
with prefabricated floor slabs and/or wall units. The most common structural
layout is the slab block with curtain wall facades, that are sometimes prefabri-
cated. The most frequently used type of concrete is an ordinary house-build-
ing concrete, defined as a mix with a high water/cement ratio (w/c ratio) of
approximately 0.60, in which reinforcement is generally non-tensioned. The
relatively low structural capacity of this concrete and reinforcement permits
floor spans up to approximately 5m. Cast in situ concrete partition walls nor-
mally support the slabs to form a solid cell system. This limits flexibility for
the customer and the opportunity for future adaptation. For office buildings,
other structural concepts allow greater flexibility and are dominant. Column/
slab structures and post-tensioned reinforcement are used to a large extent.
These concepts are now being introduced into the house-building sector.

In production terms, traditional low-grade, house-building concrete has
a high w/c ratio. This type of concrete needs a long drying time before floor
coverings can be applied in order to avoid moisture-related problems with
adhesives or carpets. Swedish building regulations stipulate the maximum
allowable values for relative humidity, measured on the equivalent depth of
concrete construction (Boverket 1999). These values depend on the type of
material used to cover the concrete floor. For most materials the maximum
values are between 85% and 90% relative humidity, which usually requires
a drying time for average concrete of several months. For acoustical reasons,
a thick concrete slab is advantageous (Ljunggren 1995). However, in practice,
the thickness of the concrete slab is limited, because of the effect of drying
times. Partly for this reason, the highest sound insulation class (in accordance
with Swedish building regulations) is seldom reached. Concrete cast in situ is
a labour-intensive activity as the material has to be vibrated and compacted, a
procedure that may lead to hearing impairment for operatives and the condi-
tion known as white fingers (Hand Arm Vibration Syndrome or HAVS).

New concrete materials technology

In the 1980s, concrete was developed with silica fume in combination with
super plasticisers to give increased strength, thereby creating new possibili-
ties for concrete elements such as columns in high-rise buildings (Walraven
1999). This new material was termed high-strength concrete (HSC). However,
the concrete had other properties, such as high durability, and was used in
other kinds of construction; for instance, offshore. These new properties led to
the name being changed to that of high-performance concrete (HPC). During
the 1990s, research and applications of HPC have increased dramatically (Hel-
land 1996). Over the past few years, HPC has been common in offshore con-
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struction, bridges and high-rise buildings worldwide. Helland (1999) argues
that the concrete sector has changed from a low-tech to a high-tech sector and
must continue to develop and implement novel concrete materials technology
in order to compete with other materials. According to Walraven (1993), the
conservative construction sector has to extend international building codes
and getaccustomed to theidea of using HPC. Increased knowledge in new ma-
terials technology may be necessary for designers, if materials are to be fully
exploited and their potential risks are to be properly handled (Walraven 2000).
Helland (1996) further argues that international codes must follow technical
development if they are to avoid major step changes.

Important properties of HPC are its considerably higher compressive
strength and durability than ordinary concrete. High performance is reached
by increasing the amount of cement and/or lowering the water content by
means of water-reducing admixtures. Other properties include faster strength
development, higher tensile strength, appreciably faster drying time, good
workability, and a higher grade of resistance against mechanical abrasion and
penetration of chemicals. Elfgren et al. (1994) describe a major Swedish re-
search programme that resulted in two handbooks on materials performance
and the design of HPC (Swedish Building Centre 2000a,b).

High-performance concrete (HPC)

The benefits of HPC lead to opportunities for its utilisation within a range of
applications, e.g. housing, bridges, offshore, tunnels and roads. Research on
HPC in house building concentrates mainly on high-rise buildings. In the US,
HSC was at first used in columns in high-rise buildings to achieve greater
height and stiffness and to reduce column sizes (Russel & Fiorato 1994). Hoff
(1993) summarises HPC high-rise buildings constructed in the US before
1992. In Asia, for example Japan, the use of HPC is described by Ikeda (1993);
in Singapore by Chew (1993); and in China by Chen & Wang (1996). Incentive
for using HPC in high-rise buildings in Asia has been its high degree of earth-
quake resistance (Jinnai ef al. 1999).

Insummarising the use of HPC in high-rise buildings, the incentive in most
cases has been the increased strength of concrete columns, allowing greater
heights and larger floor areas to be achieved.

The properties of HPC, derived largely from its low w/c ratio, provide
opportunities in the construction of low/medium-rise houses (Oberg &
Peterson 2000). In terms of structural design, the properties of HPC enable
significantly larger spans and/or slender construction than is possible with
average concrete. The drying process for HPC also differs significantly from
that of ordinary concrete (Persson 1998). In HPC the water isbound to a greater
extent in chemical form, creating a self-drying effect. Furthermore, drying
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time becomes almost independent of the concrete’s thickness, which, for an
ordinary concrete, is a critical factor.

From a production perspective, the reduced drying time of HPC allows
floor coverings to be applied earlier. This leads to shorter total production
times and lower production costs. The benefit of HPC is not only its high final
strength, but also its fast strength development, that can reduce production
time through earlier formwork removal or post-tensioning of reinforce-
ment. Formwork can be better utilised by having shorter removal cycles. Fast
strength development can also reduce problems connected to winter casting,
because of the reduced risk of freezing young concrete (Fagerlund et al. 1999).
Costs for warming and covering the concrete can also be reduced.

The advantages of HPC as a structural design and production solution
could lead to advantages also in the function of the building. Larger spans
in combination with light, easily dismountable partition walls allow a higher
degree of flexibility for the owners and occupants, as well as increased future
adaptation and refurbishment opportunities. The fast drying process helps
to avoid moisture-related health problems that are sometimes the result of
inadequate drying timebefore applying floor coverings. The self-drying effect
can also be used to improve acoustic qualities by allowing thicker slabs to be
constructed without extending production time.

Self-compacting concrete (SCC)

Self-compacting concrete (SCC) is based on new types of highly efficient
water-reducing admixtures combined with high filler contents, e.g. limestone
or special fine-grained sand. The main advantage of SCC is that compacting
work with vibrators can be eliminated.

Researchinto SCCstarted in Japaninthe 1980s. Theintention was tomanage
durability problems caused by insufficient compacting of concrete (Okamura
& Ouchi 1999). The first prototype mixes became available in 1988 and made
concrete casting possible without vibration. This material was, in fact, named
high-performance concrete. However, in Japan, the definition HPC includes
self-compacting concrete. Over the past few years SCC has been introduced
progressively around the world but the amount of work is still only a fraction
of total concrete production. In 1997, SCC amounted to a mere 0.1% of the total
production of ready-mix concrete in Japan (Ouchi 1999).

Mizobuchi et al. (1999) have described SCC as one of the most innovative
developments in the field of concrete technology. Byfors (1999) discusses the
use of SCC in the context of the industrialisation of cast in situ concrete, which
eliminates compaction work. There are many advantages in using SCC, not
least the improved work environment. The elimination of vibration work
leads directly to a reduction in manpower on job sites. It accelerates the pro-
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duction process and improves quality, durability and reliability of concrete
structures, all of which generate cost savings (Grauers 1999). Smooth, high-
quality surfaces can be produced directly without expensive finishing work,
that is often needed when casting concrete traditionally. Also the proportion
of heavy work is reduced and job sites can be significantly quieter without the
noise of concrete vibrators: this is an advantage both for safety on site and for
the neighbourhood.

There are also opportunities for designers. For instance, densely reinforced
structures, that are difficult or even impossible to construct using traditional
methods, can be achieved with SCC. One example is the design of the Millen-
nium Tower in Vienna, which is described by Pichler (1999) as impossible to
build without SCC.

Structural frames — production process-related aspects

There are many obstacles to the implementation of new structural frame tech-
niques for house building. The sector is criticised for the low level of co-opera-
tion between actors, lack of knowledge, poor inclination to innovate, unclear
responsibility, inflexible roles, conservative decision-making etc. In Sweden,
the government’s Building Cost Commission (BKD 2000) has criticised the
house-building sector for lack of customer orientation, technical innovation,
holistic consideration (i.e. integration) regarding design, production and
use and co-operation between the actors. Although HPC and SCC were not
mentioned directly in reporting, failure to actively consider them in house
building tends to uphold the view that the sector is deeply conservative and
disinclined to innovate.

Construction process

Within the housing sector, some actors in the production process are seldom
involved in planning projects. For example, subcontractors and materials
suppliers in most cases do not co-operate with either the architect or struc-
tural engineer. The opportunity for different actors to influence the choice of
structural frame, as outlined by Oberg & Peterson (2000), is largely dependent
upon the form of contract adopted for the project. In Sweden, the production of
multi-dwelling buildings is dominated by the use of a form of contract for self-
development projects. This form of contract often embodies total concepts,
which would promote a higher level of co-operation and feedback compared
with a more traditional or general form of contract. On the other hand the con-
cepts canbe criticised for being too focused on the production phase and based
on company standards while reducing the influence of some actors. This is
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especially true of architects, who may have to break with their own traditions
if they wish to become more active during the construction process.

Research project
Project description and objectives

The aim of the project is to investigate the potential of new concrete materials
technology for the more competitive production of cast in situ concrete struc-
tural frames in multi-dwelling buildings. Aspects of design and production
will be analysed, particularly those relating to function and cost efficiency.
Implementation issues for this technology, with regard to organisation and
the production process, will be investigated.

The opportunity for improved competitiveness in the design and produc-
tion of structural frames when using new concrete technology, especially
high-performance concrete (HPC), has been investigated. One part of the
research project consists of a design parameter study that aims at comparing
ordinary concrete to HPC, with respect to structural frame dimensions, spans
and thickness and amount of reinforcement. The uppermost characteristics
of HPC are high and fast-developed compressive and tensile strength. Also
important is the concrete’s E-modulus.

Fast strength development and drying properties will be analysed, with
the aim of investigating earlier formwork removal, reduced winter concret-
ing problems and reduced drying time — factors that contribute directly to a
significant reduction in production time. The use of more rational reinforce-
ment will also be investigated. The potential advantages of self-compacting
concrete, such as eliminating the vibration moment leading to a better work en-
vironment, improved safety and greater cost efficiency, will be quantified. In
addition, the use of SCC in complex constructions, containing large amounts
of reinforcement, will be analysed.

Implementation issues affecting HPC and SCC will be described. Obstacles
such as forms of contract and their effect on decision-making, the roles of ac-
tors and level of co-operation, as well as competence and interest on the part
of the actors involved will be considered. A total concept will be adopted so
that sub-optimisation is avoided. Identified advantages in terms of design,
production and function will be examined alongside economic aspects and
obstacles to implementation.

Research methodology

Quantitative and qualitative methods are used in this research project. The
project began with a study of concrete structural frames in Swedish multi-
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dwelling buildings (Oberg & Peterson 2000). In order to appreciate the scope of
the problem and potential opportunities, quantitative data concerning techni-
cal and economic aspects were collected. Interviews were conducted with 10
experts from the construction sector.

Finite element methods (FEM) are used in a design parameter study to in-
vestigate the effects of different kinds of concrete types on the design-related
performance of structural frames. The PC-based computer program FEM
Design Plate, developed by Skanska IT Solutions (Skanska 2000), simulates the
effects of changed concrete parameters on the amount of plate reinforcement,
thickness, spans etc. for different kinds of structural frames. Calculations
within the computer program are performed to predict the extent of concrete
cracking. Exact amounts of reinforcement are calculated that form the basis
for amore competitive use of steel. The results of this parameter study indicate
therelationships between concrete parameters, amounts of reinforcement and
construction dimensions.

A production study will be added to the design parameter study. Account
will be taken of the time factor. This implies a study of other concrete proper-
ties, such as creep, drying and strength development. The PC-based computer
program Hett (Cementa 1997), which simulates the hardening of concrete, and
TorkaS (Lund 1998), which simulates the drying process, will be used. Field
studies will be conducted on the impact of SCC on the work environment and
the effect of HPC on winter concreting.

A study of implementation issues, with regard to organisational aspects,
will be conducted using other survey methods of enquiry, supplementing
the earlier interviews. In terms of economics, estimates will be produced of
savings attributed to rationalisation so that they can be compared to the ad-
ditional cost of new materials. A holistic account will be adopted in order to
avoid sub-optimisation.

Research results and industrial impact
Quantification of results

A summary of interviews conducted with experts from the sector has been
published (Oberg & Peterson 2000). Most of the persons interviewed found
that the co-operation between the many actors involved and their interest
in new technology was low. Some considered that the cast in situ concrete
production process is not an industrial process and that the technique has at-
tendant disadvantages. The study also shows the effects of different contract
models and the roles of actors in the decision-making process (for structural
frames). For example, ready-mix concrete suppliers cannot affect the choice of
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structural frame to the same degree in general contracts, as they can in design
and build contracts.

Oberg & Peterson (2000) have also produced a technical description of
present techniques and market shares of structural frames in multi-dwelling
buildings. The design-related parameter study — referred to earlier — shows
that spans for structural frames can be increased with the use of HPC and
thicker concrete plates or larger amounts of reinforcement are also possible.
In the serviceability limit state, especially E-modulus, tensile strength and plate
thickness affect the displacement and the spans. In the ultimate limit state, the
amount of reinforcement is a significant parameter. The design study shows
the relationship between concrete parameters, reinforcement and construc-
tion dimensions for different kinds of plates.

Tentative results

When adding economic and production-related data to the design parameter
study, the results will probably reveal whether the direct costs for HPC can
be defended on economic grounds, or simply illustrate the potential of new
cast in situ concrete technology. For example, when using HPC it might be
possible to increase spans by 25% and then also increase flexibility to support
future adaptation and refurbishment. This might be economically beneficial,
if regard is taken of reduced drying times from six months to one month, or
to the reduction of winter concreting problems and the associated heating
costs. Another exampleis that self-drying HPC leads to better acoustic proper-
ties with the same production time as ordinary cast in situ concrete. In other
words, a larger concrete plate thickness is possible with the same or even a
shorter drying time.

The project will also resultin a discussion of implementation issues, such as
how to address the lack of knowledge and interest in new technology, along-
side problems relating to co-operation and responsibilities.

Implementation and exploitation

The tentative results of this research may show technical advantages from
the use of new cast in situ concrete technology, leading to more rational and
cost-efficient structural frame production from design, production and func-
tion perspectives. The results will probably also describe problems connected
to cast in situ concrete production of today and production process-related
obstacles to the implementation of new concrete technology. The enormous
quantity of cast in situ concrete used worldwide suggests that future rational-
ised solutions are probably capable of generating large cost savings.
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Conclusions

During the past decade extensive international research on concrete materi-
als technology has resulted in the emergence of new competitive materials
technology: for instance, high-performance concrete (HPC) and self-com-
pacting concrete (SCC). Despite the apparent advantages concerning the
design, production and function of structural frames, these technologies are
not implemented to any significant extent in the house-building sector. The
obstacles to implementation probably comprise low interest and competence
regarding new technology, decision-making processes, and the roles of ac-
tors. International research into these new technologies focuses mainly on
technical aspects covering civil engineering works or high-rise buildings. The
opportunity for using new concrete technology in low/medium-rise house
building has, in comparison, received little attention.

The research project is investigating the advantages of HPC and SCC in
terms of the design, production and function of cast in situ concrete structural
frames and describes implementation issues with regard to organisation and
production process obstacles. Concrete technology used today in cast in situ
structural frames for low/medium-rise house building is often characterised
as typically low technology. If new concrete materials technology is to be im-
plemented on a large scale it will be because of a more holistic understanding
of thebenefits, advantages and disadvantages. In particular, economic benefits
will be more obvious if regard is taken of, for instance, rationalised and cost-
efficient production, improved working environment, greater user flexibility
and better indoor climate, and not simply the direct cost of materials.
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Chapter 11

Competitiveness in the Context of
Procurement

Fredrik Malmberg

Introduction

130

The last decade has witnessed significant changes to the construction proc-
ess and, in particular, the ways in which buildings are procured. Structural
changes have occurred in the sector as governments and clients modified both
their behaviour and their contractual relationships. Subsidies for housing con-
struction have been largely phased out in many countries and demands for
more sustainable social structures have increased. Tougher demands have
been placed on all actors in the construction process. These demands can be
summarised as follows.

¢ Costs, both long and short term, together with investment and lifetime
costs, must be reduced.

* Resources must be utilised more efficiently.

* Opportunities for the client and the end user to influence quality directly
(and the utilisation of resources indirectly) must be improved.

¢ Changes in the construction process to support the goals of sustainability
must be improved.

¢ Buildings must be sound and durable.

New forms of co-operation among the actors in the construction process have
been developed to satisfy the above demands. However, the new procurement
systems that are based upon these forms of co-operation present problems
for purchasing within the public sector. For example, the custom of accepting
the lowest tender and ignoring the rest has to be replaced with more rational
behaviour, predicated on the understanding that price alone cannot be an
indicator of quality or performance. On the contrary, tenders received below
what might be deemed to be the most economical price invite poor perform-
ance, as contractors seek to claw back their costs. In such circumstances the
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idea that there might be co-operation is swiftly replaced by confrontation and
adversarial relationships.

The nature of today’s competitive marketplaces has to be understood if
tenders are to be prepared and subsequently evaluated properly. Awareness of
prevailing and shifting market conditions are fundamental components of the
dynamic environment within which tenders are prepared. In addition, cur-
rent models of tendering and tender evaluation must adapt or be replaced by
mechanisms that are compatible with newer forms of procurement, whether
they are based on co-operation or, even, some other ideal.

Against this background, the research described in this chapter consid-
ers the opportunities for improving the competitive situation for which new
forms of tendering and co-operation are being implemented. The overall aim
of the research is to develop competition in new forms of responsibility for
tendering in new housing and commercial redevelopment. The emphasis of
the research is upon evaluating what are today’s competition characteristics,
the direction of competition and the means for measuring competition.

State-of-the-art review

Theresearch hasadopted abroad view of competition, as opposed to consider-
ing discrete aspects of it. This holistic approach allows other considerations to
bebrought into view, that can directly influence or be conditioned by competi-
tion. Examples of the former include the labour market and the latter include
product and process development. In particular, the research project focuses
on questions of competition where new forms of co-operation have been intro-
duced for new housing and commercial redevelopment projects. Other types
of construction may, however, be studied.

Competition in tendering for construction contracts

The client (or other person or body responsible for initiating a building project)
faces anumber of options for organising the project and engaging contractors.
One option s, of course, to prepare an overall plan and appoint a designer and
then invite tenders from a select list of construction companies once the design
is practically complete. The traditional approach is sufficiently understood to
avoid elaboration here. Another option is where several (or many) contracts
are let, with the contractors responsible for their own defined area, under the
overall management of the client, similar to the construction management ap-
proach in the UK. In Sweden, this is known as a divided contract (S6derberg
& Hansson 1999). There is also an intermediate option that is called the co-or-
dinated standard approach, which is close to the UK practice of management
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Fig. 11.1 Divided contract approach (after Nordstrand 1990).

contracting. A further option is that of design and construct, that in Sweden
is favoured by clients who have limited competence to organise procurement
and the tendering competitions that are part of it. Each of the approaches is
now described in a Swedish context.

There are many similarities with their international equivalents. After
a short explanation of each, their strengths and weaknesses are compared.
These will form a basis both for developing new procurement systems and as
a guide to the selection of the systems used today.

Divided contract approach (Fig. 11.1)

In the divided contract approach, different contractors are appointed by the
client for the individual parts of the project. For each part, the client has to
make enquiries, select the most suitable for inclusion in a shortlist, evaluate
the tenders and sign a contract with the one that is the most favourable. These
contractors are not subject to agreement between themselves, but their work
has to be co-ordinated with respect to the project’s schedule and logistical
considerations. According to AB92, common contract conditions published in
1992, the client has the responsibility for co-ordination, but this can be trans-
ferred to a main contractor through an agreement. The conditions relating to
contract administration clarify those aspects for which another is responsible
and the cost involved.

Examples of contractors in this and subsequent figures would include
earthworks, structural frame, mechanical work, electrical work and fitting
out. The divided contract approach places significant demands on the client to
co-ordinate the project.

Standard approach (Fig. 11.2)

Asinthedivided contractapproach, the client takesresponsibility for planning
the project until the point at which sufficient documents are ready to enable
construction to go ahead. The difference in the standard approach is that the
results of the planning processes are consolidated in the tender documents to
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Fig. 11.2 Standard approach (after Nordstrand 1990).

include the whole of the construction works. The client has just one agreement
with a main contractor and, therefore, just one party with whom to collaborate
during the construction period. The main contractor has responsibilities for
co-ordination and for engaging subcontractors.

Co-ordinated standard approach

In this approach the client acts in a similar way as in the divided contract
approach and engages the different contractors. Later, one contractor is desig-
nated as the main contractor, takes responsibility for the remaining contracts
and co-ordinates the project. The advantages of this form of approach are that
the client gets a better idea of the different costs within the project, and at the
same time does not have the responsibility for co-ordination on site.

Design and construct approach (Fig. 11.3)

The design and construct approach in Sweden is sometimes also referred to
asa turnkey project or package deal. In this approach, the contractor is respon-
sible for both design and construction. The client specifies the functional,
quality and other demands for the project in detailed tender documents.

Purchaser
M [ i
ain :
Contractor Designers
l
Contractor Contractor Contractor Contractor

Fig. 11.3 Design and construct approach (after Nordstrand 1990).
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An advantage of this approach for the client is that several solutions can be
obtained from which to choose the most suitable. Moreover, contractors are
provided with an incentive to be innovative. Another positive aspectis that the
planning of the project can take less time. Disadvantages of this approach are
that it can be difficult to keep track of production costs, and future operating
costs may be hard to predict. Another disadvantage is that inviting detailed
proposals from several contractors, where only one can win, is clearly wasteful
and can indirectly lead to higher prices for the client.

Performance contracting

Performance contracting is a further development of the design and construct
approach with the addition of a responsibility for the serviceability of the
building. This approach was introduced in Sweden in the beginning of the
1980s on the back of large investments in infrastructure. It strives for early
construction starts and is

‘an approach where quality is controlled by functional demands in the
final product that are measurable and where the contractor is responsi-
ble for the correct functioning and serviceability [of the building] over
several years’ (Olsson 1993).

The performance contracting approach is considered to provide an incentive
for greater innovation in terms of technology development. Other positive ef-
fects are that it is profitable for a contractor to think about the quality and take
a more holistic view since there is a contractual responsibility for operations
and maintenance costs during the occupancy phase. In order to achieve the
prescribed performance, it is necessary to have detailed tender documents
that should include the following parts:

* specified demands, and methods for the measurement of their achieve-
ment;

* quality thresholds;

e costlimits;

® procurement arrangements;

¢ feedback during the construction period; and

* handover and commissioning.

The approach assumes that it is possible to identify and agree on key perform-
ance indicators that are easy to measure.
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PPP — public-private partnerships

When governments are unable or unwilling to fund large building and major
infrastructure projects, the private sector canbe involved to share the risks and
rewards. Public-private partnerships, of which the UK variant is the Private
Finance Initiative (PFI), are increasingly seen to offer benefits beyond simply
substituting one source of finance for another. However, their popularity isnot
universal as we see from Chapter 13, Public-private partnerships — conditions for
innovation and project success.

There are many manifestations of a PPP project; for example, build, oper-
ate, transfer (BOT); build, own, operate, transfer (BOOT); and design, build,
finance, operate (DBFO); but only three possible kinds of arrangement within
the definition of PPP.

® Financially free-standing projects — all the costs for the project will be charged
to end users, such as a toll road/bridge etc.

e Services sold to the private sector — costs for the project are covered through
charges for the services to be paid upon their delivery, as in the case of
schools, student accommodation, hospitals, prisons etc.

* Joint ventures —project costs are recovered partly from end-users and partly
through subsidies from public funds.

A PPP project has a long duration and includes all phases of the product’s life
cycle. When the contractor (acting alone or in consort with others) has to oper-
ate the project and generate the revenue from it, there is a tendency to adopt
longer term, more holistic thinking. Good projects are those that perform both
technically and financially. The aim is not so much about creating an asset as
about providing a service. Much of the risk within a projectis transferred from
the government to private sector actors, on the understanding that the latter
are better able to manage risk. However, not all projects will be successful as
PPPs. Unrealistic allocation of risks has been a reason for the failure or slow
development of PPP projects in some countries.

Summary

Table 11.1 presents a brief summary of the different procurement systems cov-
ered thus far, with the exception of PPP, from the client’s perspective. The sum-
mary incorporates seven different criteria that are used tojudge the suitability
or otherwise of the respective procurement systems. The primary objective
hasbeen to examine characteristics of the systems in a comparative rather than
in an absolute sense. A secondary objective is to form some basis for compari-
son that would enable a client to identify the most appropriate option.
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Each criterion is scored between 1 and 5 inclusive. Scores are bound to be
subjective, but should not be seen as static: note that weightings have not been
introduced, although could be to emphasise a particularly important criterion
or requirement — see Table 11.2 below and later section. The procurement sys-
tem attracting the highest sum for the selected criteria should be investigated
further for its suitability.

Evaluation of tenders

Changes in demand on the building sector are expected to take place without
a corresponding decrease in the number of firms competing, and without
a reduction in competitiveness. Competition in itself is seen as a driver for
change. For procurement in the publicsector, legislation governs the approach
to tendering and tender evaluation. In recent years, the evaluation of tenders
has shifted from being based solely on price to the inclusion of other factors.
It has become increasingly common to use models for evaluating tenders that
include soft parameters such as competence, quality and environmental con-
siderations (Hatush & Skitmore 1998). Nevertheless, the evaluation of tenders
for both housing projects and redevelopment projects is still entirely domi-
nated by evaluation on the basis of price. Models used in tender evaluation
are rarely based upon competence and performance. However, methods have
been developed that emphasise other factors and have been used to pre-qual-
ify contractors (Wong et al. 2001). A case-based pre-qualifying programme
called EQUAL is presented by Ng (2001).

By calling for tenders at an early stage, the contractor acquires many de-
grees of freedom in a competitive situation, such as stimulating new ideas
and potentially innovative approaches. Early tendering often gives contrac-
tors the opportunity to use their particular competence and experience, and
thus influence quality and costs. It is important also to analyse the variation
in tender prices, since a cost over-run could place the client in a very difficult
position (Shen et al. 2001). In order to make a valid assessment of the budget,
it is necessary to choose a suitable model for the price forecasting for the con-
struction work (Flanagan & Norman 1983; Morrison 1984). If industrialised
construction is contemplated and new systems have to be mastered by the
contractor, it is of the greatest importance that the contractor is involved in the
project at an early stage.

Inrecent years, new forms for evaluating tenders have spread. Differentim-
plementations of cost-benefitanalysis constituteafirststepinthisdirection (Ng
& Skitmore 2001). Cost-benefit analysis is a tool to present the consequences of
different solutions. It is about assuming/predicting future costs and income/
benefits. Several approaches exist. With the net present value (NPV) method it
is easy to compare the sum of the yearly benefits against the investment cost.
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The result depends, among other things, upon assumptions for inflation and
different interest rates. Estimating the value of the lowest tender also depends
upon recent experiences. According to Skitmore et al. (1994) the last five years
of experience from similar projects has an effect on the estimate.

Sensitivity analysis can be performed on cost-benefit models. Different as-
sumptions are used to make forecasts, from which different scenarios for the
project can be produced. The particular matter of contractor competitiveness
has been measured using regression analysis (Drew et al. 2001). Another ap-
proach is to use other kinds of mathematical model to forecast contract prices
based upon data from similar projects (Skitmore & Patchel 1990).

Several methods can be used to perform evaluations of tenders. Table 11.2
shows an example for illustrative purposes in which two tenders and four
parameters, including the price (Parameter A), have been analysed. The scores
for each parameter are recorded according to pre-determined scales and the
client assigns any weighting. Higher weighting occurs where a certain factor
or factors have to be emphasised. The scores can be scaled in two principal
ways. The first method is called weighted scaling, where the total is the score
multiplied by its respective weighting. The other method is called multiplied
scaling, where the total is the score raised to the power of its weighting.

Weighted scaling
Tender 1 =0.30%4.25 + 0.30*3 + 0.20*5 + 0.20*4 = 3.975
Tender 2 = 0.30*4 + 0.30*4 + 0.20*3.75 + 0.20*4 = 3.950
Multiplied scaling
Tender 1 = 4.25030 4 3030 4 5020 4 40.20 = 5 633

Tender 2 = 4930 4 4030 4 375020 4 4020 = 5 654

Table 11.2 The two tenders with their respective
scores and weighting.

Parameter Tender1 Tender2 Weight

Parameter A 4.25 4 30%
ParameterB 3 4 30%
ParameterC 5 3.75 20%

ParameterD 4 4 20%
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The example above shows that multiplied scaling accentuates the differences
between the parameters. The weighted scaling leads to a better result for a
tender with a peak in a single parameter (Svensson & Jolsvay 1999).

Competitiveness

Tender competitions have traditionally focused on finding the lowest capital
costinstead of the lowest whole life cost. When tenders are judged on the basis
of lowest price, there is an obvious danger that creative processes that might
lead to the optimal overall solution are not considered. Sub-optimisation is the
result. In the future, contractors must be able to compete on the basis of factors
other than lowest price (Seeger-Mériaux 1997). It is also important that end
users have a bigger say (BKD 2000).

Until the present, the majority of contracts have been procured on the basis
of drawings showing general arrangements (i.e. floor plans), technical speci-
fications and Gantt charts. A consequence is that contractors cannot compete
on the basis of the technical or aesthetic design of the building, unless they
want to lose the competition. Thus, competition has remained at the level of
production costs, profit and potential claims. This has meant that profitability
stems from being knowledgeable in finding loopholes in the drawings and
specifications, rather than from presenting new and better solutions.

The definition of good competitiveness as used in Sweden is based on
regulations from 1976 that claimed: ‘good competition has been achieved
when there are three or more tenders’. In order to purchase land from the city
and obtain housing subsidies it was necessary to show that procurement was
based on good competition, along the lines of the above definition. These rules
and regulations have been superseded, but the sentiment still lives in people’s
minds. This model does not take into consideration how many actors there are
in the market, the spread of tenders, if they are serious, how much share of the
market is represented by the tendering contractors or if there are any innova-
tive solutions on offer (Seeger-Mériaux 1997). In order to judge whether there
is good competition or not, we need new tools/models that are adjusted to the
current situation in both the local and the global market. According to Drew
et al. (2001), the three important factors considered with respect to contractors’
behaviour when tendering are type of client, type and size of the construction
work.
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Research project
Project description and objectives

In order to be able to satisfy the demands placed on the construction sector in
the future, a number of changes must be made to procurement procedures, all
of which point to the need for new forms of co-operation among all the actors
in the construction process. These new forms of co-operation must encourage
innovative processes. The emphasis is on evaluating today’s competitive situ-
ation, the direction of competition and how to measure it. Thus, it is necessary
to ensure that it is competition of the entirety and not parts by themselves.

Research methodology

Different types of procurement systems and their associated evaluation sys-
tems for tenders are being studied and analysed with competitiveness under
the spotlight. The primary approach is to study practices in different countries
and to understand how the lessons learned might have application in Sweden.
Of particular interest is how the problem of competition is solved, for example,
in connection with partnering in the UK and other countries such as the US,
Canada and Australia.

Case studies will form the basis of data gathering and analysis. Questions
tobe pursued in these studies include those relating to models of tender evalu-
ation and their applicability in the context of new forms of co-operation. The
studies will also be directed to evidence of a TQM approach on the part of
clients and the use of incentives to guarantee better performance from contrac-
tors. The impact of different levels of competition will also be investigated,
especially the size of contracts and work packages.

The aim is to find a link between the different procurement systems and
the types of competition that can be achieved through their use. An implicit
question is what is competitiveness?

Impact on the sector

The expectation is that the research will lead to a better understanding of how
different forms of procurement might affect the level of competition within
the construction sector. Through a system of weighted scaling, such as that
shownindicatively in Table 11.2, more informed decisions canbe made and the
most appropriate procurement system selected for a project. The research also
expects to report on the opportunity to improve the competitive climate for in-
dustrial building projects, for which new forms of tendering and co-operation
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have been developed. This is intended to lead directly to the development of a
tool by which clients can measure competition. In this connection, a review of
different types of tender evaluation method will be undertaken, leading to a
better understanding of their effects upon competitiveness.

Conclusions

Competition based on competence as opposed to the lowest tender price is a
familiar concern. Many clients, public as well as private, now apply qualitative
measures to the evaluation of tenders. As less emphasis is placed on lowest
price, other factors have come into focus that contractors, in particular, must
respond to properly. Of these, the need to adopt more co-operative relation-
shipsis fundamental. Moreover, it could lead to less aggressive competitionin
the future as clients select contractors whom they know can perform. Arguing
over priceis gone. Tomorrow, contractors will be expected to show what added
value they canbring to a contract. That said, there are stillimpediments to this
new thinking. Behaviourhasto change, and dosowithasense of alonger-term
interest in the project.
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Chapter 12

Encouraging Innovation through New
Approaches to Procurement

Kristian Widén

Introduction

The need for forms of co-operation that encourage innovation in order to
improve the performance of the product and enhance value for the customer
has become very apparent in recent years. It seems that most forms of co-op-
eration do not encourage innovation. Are new forms necessary or can those
used traditionally be improved? What can be learned from other industrial
sectors, and more importantly why has not more been done to transfer know-
how? Other sectors appear to have taken the question of innovation seriously
and are active in developing their future products, services and markets to a
greater extent than the construction sector.

This chapter begins with an overview of traditional innovation theory. It
then introduces a new innovation theory that has been developed to cope with
a more complex situation, which many sectors face, than that anticipated by
traditional theory. The construction sector will be compared with these theo-
ries and key factors willbe discussed. The chapter will also describe aresearch
project that is addressing these issues.

State-of-the-art review

Innovation
The reason for any company to innovate is to increase its competitiveness.
Either it wants to increase its share of the market, and secure a larger return,
oritis simply a question of surviving (Atkin 1999). There are many definitions

of innovation and some are presented here:

‘Innovation is the process through which firms seek to acquire and build
upon their distinctive technological competence, understood as the set of
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resources a firm possesses and the way in which these are transformed
by innovative capabilities’ (Dodgson & Bessant 1996 p.38).

‘Innovation means the application of new knowledge to industry, and
includes new products, new processes, and social and organisational
change’ (Firth & Mellor 1999 p.199).

‘Innovation is when an act, such as an invention or idea, begins to impact
on its environment’ (Atkin 1999 p4).

It is important to note that innovations are not representative solely of break-
throughs. Audretsch (1995) states that there is evidence of a majority of com-
mercially significant innovations involving the development, application and
re-application of existing knowledge with little or no scientific advantage.
Furthermore, they do not necessarily bring about changes to existing rou-
tines, which is where problems might lie (Hagedoorn 1989). To summarise,
innovation is the process where a good idea or creation of new knowledge
concerning a product or process begins to affect its context. The innovation
can be anything from a small change in a product to a complete shift in the
way a company works.

Much of today’s work on innovation theory stems from the work of Schum-
peter (1976). He argued that companies needed to be large and have a domi-
nant position in order to innovate. Whether large or small firms are better at
innovation has been a question that has been argued over many years (Hage-
doorn 1989). Acs & Audretsch (1991) found that whether it is large or small
firms that are more innovative depends on how innovation has been meas-
ured. There is evidence that small firms do make a large contribution in some
sectors (Freeman 1982). There are many other factors, however, that influence
the likelihood of innovations, and that more or less stem from Schumpeter’s
work, or the development of it. Dodgson & Bessant (1996) have identified six-
teen factors, of which some are more prominent than others:

* competence and knowledge (Barlow 2000; Dodgson & Bessant 1996);

e communication (Barlow 1999; Docherty & Hardy 1996; Hardcastle et al.
1999);

¢ learning (Atkin 1999; Dodgson & Bessant 1996; Lindbeck & Snower 2000;
Lundvall 1992; Vickers & Cordey-Heyes 1999);

¢ relationship and co-operation with other actors (Atkin 1999; Dodgson &
Bessant, 1996; Howells 1999);

* risk capital and reward (Atkin 1999; Dodgson & Bessant 1996; Lazonick &
West 1998).

Competence is built on the knowledge of the people involved in the innovation
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process. New knowledgeis gained through information thatis putinto context
by knowledge gained already (Polanyi 1974; Mitroff 1998). The quality of infor-
mation is important, as incomplete or wrong information may result in faulty
knowledge (Fransman 1996). It is through communication that information is
transferred. There are two elements to inter- and intra-organisational com-
munications — the channels for communication, and levels of openness and
trust (Barlow 1999). The channels used for communication need to be clear and
directso that the message of the information willnotbe changed. Communica-
tion is notjust about gaining and sharing information to build knowledge. Itis
also about administrative information that needs to be clear; for example, how
risk and reward is shared and who is the decision-maker. New knowledge is
created continuously both internally and externally, with market conditions
changing over time. This demands continuous learning (Dodgson & Bessant
1996). Atkin (1999 p.13) states:

‘organisations that cannot learn cannot innovate effectively’.

Learning is the process when new knowledge is acquired and competence is
increased. It is easy to see the strong connection between competence, knowl-
edge, communication and learning. Learning can and will be difficult, if not
impossible, if any of the other factors is lacking.

Today, in most industrial sectors, innovation co-operation is becoming
more common. Even large multinational corporations cannot expect to be
wholly dependent upon their in-house research and technical resources to
maintain their innovative performance (Howells 1999). External collabora-
tion in research is used to complement in-house research activity (Arora &
Gambardella 1990; Teece 1986). In this way; it is possible to benefit from other
companies’ research and to reduce the risk and uncertainty involved (Teece
1986). All kinds of inter-firm alliances, not just for innovation, can be problem-
atic. Failures in inter-firm alliances can be the result of contractual problems
(Hakansson 1993), loss of project control, loss of technology to the partner, or
lack of marketing skills (Dickson et al. 1991). Benefits from this kind of alliance
do not come automatically. It requires the commitment of the different actors.
Asinnovation depends on the ability tolearn, the different actors must commit
to transferring knowledge between themselves (Mintzberg et al. 1996; Bronder
& Pritzel 1992).

Innovation requires financial commitment to succeed (Lazonick & West
1998). The possible reward in the end must be justifiable for the company to put
up the risk capital needed for its financial commitment. The balance between
risk and reward must always be tilted in favour of the latter (Atkin 1999).

Traditional theories of innovation mostly assume that work in support of in-
novation takes place in the same company. As this is not necessarily true, there
is a need for innovation theories that deal with today’s innovation processes
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rather than those that deal with yesterday’s (Nightingale 1998). This is because
work in support of innovation is more commonly the result of different alli-
ances and the growing complexity of the innovations themselves. One theory
that contrasts starkly with traditional innovation theories and models is CoPS
(complex systems). These are defined as:

‘High cost, technology-intensive, customised, capital goods, systems,
networks, control units, software packages, constructs and services’
(Hobday et al. 2000 p.793).

There are some characteristics that separate CoPS projects from those found
in traditional industrial sectors. They are temporary coalitions of organisa-
tions that involve many different suppliers. Usually, end users are far more
integrated into the process as the product is designed to fit their requirements.
CoPS users often need to learn system design skills in order to define their
requirements. The multitude of choices makes it difficult to narrow down
design options. There needs to be an awareness of how each small system
affects every other system (Hobday 1998). In CoPS projects it is necessary to
have innovative non-functional organisational structures to co-ordinate pro-
duction. This is because uncertain and changing user requirements, as well as
development and production, necessitate feedback loops from later to earlier
stages (Hobday et al. 2000).

In terms of innovation in CoPS projects, the actors involved need to agree
on the path of innovation. The development of a CoPS project requires a deep
understanding of the limits of and possibilities for the system, as well as the ca-
pabilities of partner suppliers. Innovation in CoPS projects takes place within
production networks with formal alliances. Strong technical performance by
an individual supplier will be rewarded with more orders and a greater share
of themarket. Users have animportantrole asitis their requirements and feed-
back, as to what works and what could be better, that triggers the innovation.
Users need to share the risks and rewards with suppliers (Hobday 1998).

Hobday also states that one problem in CoPS projects is the question of
learning. Transferring knowledge from one project to another is especially
difficult as the team dissolves upon completion.

Innovation in the construction process

Construction innovation in the nineteenth century often resulted from new
technology and new ways of organising production, that were adapted from
otherindustrial sectors toreplace traditional craft-based methods. The change,
though, was not as violent as in other industrial sectors, with the traditional
and the new co-existing (Gann 2000). During the early part of the twentieth
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century, the idea of mass production was implemented in the construction
sector mostly among suppliers; for example, the shift from hand-made bricks
to machine-made. The ability to innovate was one of the reasons for the domi-
nance of a few large companies and this also reduced the level of competition
(Gann 2000).

In the 1950s and 1960s it became more common to use prefabricated com-
ponents, creating a demand for innovation in organisational methods, tools
and techniques. At the same time, the various specialists and contractors be-
came more and more isolated from one another, smaller in operational terms
and greater in number, thereby hindering innovation attempts (Gann 2000).
This also led to an increasingly fragmented marketplace that continues to the
present. Winch (1998) argues that volume production and other implications
of Schumpeter’s theories have failed. The simple reason is that the volume-
manufacturing model is not appropriate for the construction sector.

Construction innovation on the part of the primary actors — designers and
contractors —other than in a project environment, appears to be rare (Tatum
1987). Neither the designers nor the contractors have large in-house innova-
tion facilities. Ideas that occur on a daily basis on the construction site and in
research and development environments normally, literally, have no place to
g0 (Dulaimi 1995). Slaughter (1993) implies that contractors are able make use
of their significant experience and expertise to develop useful, effective and
low-cost innovations. While the solutions may not always be the best, they are
adequate given cost and time pressures.

Many researchers agree that the level of innovation is too low in the con-
struction sector and that the problem rests within the different forms of co-
operation (Atkin 1999; Barlow 2000; Latham 1994; Mohamed & Tucker 1996).
Reasons for the low level of innovation in construction are diverse. Separation
of design and production can be extremely damaging unless these functions
can communicate effectively (Hardcastle et al. 1999). The fragmentation and
discontinuous, project-based nature of the sector leads directly to problems
in communication (Atkin 1999; Barlow 2000). As both the level of learning
and the quality of information transfer are dependent on how well the actors
communicate, these will also suffer. Anheim & Widén (2001) found that the
construction process, as it works today, in many cases actively hinders learn-
ing. There are some features, more or less common across the different forms
of co-operation, that cause problems (Josephson 1994):

¢ thelarge numbers of actors involved in projects;
¢ changing project constellations;

* strict division of the process into phases; and

¢ theindustry’s contracts and business structure.

Traditional procurement with fixed price and specification tends to make
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actors opportunistic (Buckley & Enderwick 1989), limiting the ability to in-
novate (Mohamed & Tucker 1996), as well as making little use of the expertise
of suppliers (Atkin 1999).

In the literature there are ideas of how problems can be solved. There is an
underlying assumption that greater collaboration between the differentactors
would help overcome the problems in the sector (Latham 1994). Even more
importantly, competition based on advanced technology and the ability to in-
novate requires a long-term perspective. Managers of construction firms, long
accustomed to intense demands for short-term performance, have to wait for
payback over the longer term if they aim for technological advantage (Tatum
1987).

In order to be able to meet changing market conditions, there is the need
for a new approach to relationships between the actors in the sector (Edum-
Fotwe et al. 1999). Specialist contractors and component suppliers have to be
more involved in the construction process than is the case today (Atkin 1999).
Making information available on how materials, products and systems per-
form would support the innovation efforts of designers (Atkin 1999). Lenard
& Eckersley (1997) suggest that the level of innovation and the ultimate success
of a project are highly dependent upon the provision of detailed and accurate
tender documentation and appropriate contractual risk allocation. Once this
platform is established the level of innovation that occurs is dependent upon
four key factors:

¢ the client’s recognition of the need for innovation;
¢ contractual incentives to encourage innovation;

¢ creation of symbiotic learning environment; and
* open communication at all levels.

Lagerqvist (1996) has argued that co-operation based on design and build
contracts relies on performance requirements that directly stimulate interest
inproductand process development. Although thereisnohard evidencetothis
effect, there is evidence of enhanced knowledge transfer between the different
actors (Hansson 1995). As learning and knowledge transfer between actors is
one important step towards an innovative process, this is a step in the right
direction. Partnering has also been said to enhance learning and knowledge
transfer (Barlow et al. 1998). In addition, partnering has been shown to result
in technical and process innovation (Barlow 2000). Partnering is, however,
neither a procurement form nor a contractual agreement and does not create
any legally enforceable rights or duties (Edelman et al. 1991).
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Future possibilities for the construction sector

The above proposals have more in common with CoPS theories than with tra-
ditional innovation theories. Both forms of co-operation — design and build,
and partnering — have characteristics that are similar to theories inherent in
CoPS. As complex systems and often one-off products too, they have much in
common with construction activity. From the theories underpinning CoPS,
some issues that need to be addressed in the construction sector can be dis-
tinguished:

* deeper understanding of the systems of construction;

* deeper understanding of the capabilities of the actors;
* more involvement of suppliers;

¢ skilled and involved clients;

e structured and clear feedback loops; and

* clear sharing of risk and reward by the different actors.

Most of these factors are the same as, or aim to achieve, the factors recognised
in the literature as prerequisites for innovation. Learning and communication
are the factors that are most important to address. In traditional innovation
theory they are regarded as important and in the theories of CoPS they have
been recognised as problem areas.

Research project
Project description and objectives

The research project aims to develop new forms of co-operation in the con-
struction sector in order to provide greater encouragement for innovation
during the construction process than is possible under traditional forms of
co-operation. This co-operation between the client, designers and contractors
and between contractors and subcontractors is brought into focus at an early
stage, along with the different nature of responsibility that each relationship
brings.

The results of the research project are intended for use as a base for the con-
tinued development and application of new forms of co-operation. They are
also intended to indicate the fresh opportunities that the new forms provide
and, furthermore, they are to be used as a base for future research projects.
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Research methodology

A system theory approach will be adopted as the main method, as co-opera-
tion between different actors and the innovation process itself can be seen as
systems. In a construction project, many different actors and stakeholders in-
fluence the outcome of the project to greater or lesser extents. The innovation
process, especially when more than one company is involved, includes many
different actors, and their actions will directly affect its success. If one compo-
nent fails it will negatively affect the other components and, perhaps, the end
result. When faced with this situation, a system theory approachis helpful, asa
systemis anumber of components and the relationship between them (Arbnor
& Bjerke 1977). A system can be open or closed. A closed system does not take
into account the relationship of the surroundings to the system. In this case
the construction process is heavily influenced by its environment; it cannot be
studied without its context, and so an open system has been chosen.

According to systems theory, every componentin a system canbe described
as a subsystem (Arbnor & Bjerke 1977); for example, the construction process
system is built by the different actors or stakeholders as a set of components
and each actor system contains different people to take on the role of the com-
ponents. The research will have limited interest below the level of the different
actors as components.

Literature studies and different forms of qualitative studies — for example,
case studies with interviews, questionnaires and observations — will be used
to provide input to the system and to validate theory with reality.

Research results and industrial impact
Quantification of results

The research includes a deeper study of learning in organisations (Anheim
& Widén 2001). In that study, it was found that the application of learning
organisation theory would benefit a construction project organisation. Four
areashavebeenidentified as crucial to creating alearning organisation: a set of
common goals and visions, teamwork, dialogue within the organisation and
a complete overview of the organisation. However, the present construction
process also needs to change in order to benefit fully from ideas and theories.
Moreover, the latter must be adapted to the specific conditions of the construc-
tion project organisation for implementation to be successful.
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Conclusions

The lack of communication and learning inherent in traditional approaches
to the construction process impacts on the extent of innovation that is possi-
ble. New methods and technology do not always find their way into the next
project that could benefit from them. The low involvement of suppliers and
subcontractors is held partly to blame and is a problem that is unlikely to be
overcome until changes are introduced to the process. A partial solution to this
problem is to create a construction process that encourages and supports in-
novation. There is the need for further research to identify the means for inte-
grating the innovation process within the construction process. That research
has to adopt a standpoint based upon theories of innovation in order to define
what the processis expected to deliver. The theories underpinning CoPS could
be expected to contribute to a breakthrough in constructioninnovation for sev-
eral reasons, including a deeper understanding of the systems of construction
and of the capabilities of the actors, greater involvement of suppliers, skilled
and involved clients, structured and clear feedback loops and clear sharing of
risk and reward by the different actors.
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The steady change in the global economy has made national governments
more cautious about how they regulate their national debts. Most western
countries are finding it increasingly difficult to find a balance between public
expenditure, the ability to find funds through fiscal resources and the diverg-
ing demands placed on public services. Alternative sources of finance are
sought, as well as ways of making public sector services more cost-effective.
Partnership solutions between the public and private sectors have emerged as
a workable alternative and projects have been realised following the assump-
tion that both sectors have unique skills and characteristics providing them
with advantages in undertaking certain tasks. These kinds of projects, known
as public-private partnerships (PPPs), are often large and complex, where pri-
vate sector actors partly or fully undertake the tasks of planning, designing,
financing, constructing and/or operating a service usually provided by the
publicsector. Inthis way construction companies are entering into agreements
that are new to them, bringing with them increased risk exposure and more
onerous responsibilities.
Thus, a PPP can be described as:

an arrangement between public sector and private sector investors and
businesses (‘the private sector’) whereby the private sector on a non or
limited recourse financial basis provides a service under a concession for
a defined period of time that would otherwise be provided by the public
sector. The provision of such service may involve the private sector in the
tasks of planning, designing and constructing facilities in order to be in
a position to provide the required service.
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State-of-the-art review

The term public-private partnership (PPP) has, over the last decade, become
politically and socially fashionable. The multitude and diversity of projects
that are credited as PPPs are immense and the term is often used to describe
a vast range of modern political and financial functions as well as the work-
ing arrangements within projects and organisations in multiple areas and
industrial sectors. Success is often claimed and several reports show total cost
savings of 10-20% over project lifetimes (SO 2000; CIC 2000; Statskontoret
1998). Moreover, the prevailing view is that these kinds of projects providereal
incentives and create a business environment that encourages innovation and
improved practices in the construction phase (Holti et al. 2000; DS 2000; Atkin
1999). It has, for example, been stated by the UK government that:

‘the search for new opportunities to develop profitable business provides
the private sector with an incentive to innovate and try out new ideas
— this in turn can lead to better value services, delivered more flexibly
and to a higher standard’ (SO 2000).

It could be argued that PPPs, regardless of form and size, have added impetus
to a change in how construction actors go about their business. Public-private
partnerships often consist of an array of systems and subsystems that are
subject to a high degree of external influences. They differ from traditional
construction projects in the sense that the actors have to take a longer-term
perspective. Though it could be claimed that all construction projects have a
long-term impact on the surrounding environment, this is even more the case
for PPPs, as the success of the constructor in a PPP can only be assessed by the
success of the service. In this sense an extra dimensionis added to the problem,
that of the overall mutual goal of the project. Ultimately, greater consideration
has to be taken to align the design, construction and operation phases.

Public-private partnerships

There is no consensus as to the origins of PPP projects. Perhaps this is not so
surprising taking into consideration the wide array of projects possible under
commonly used definitions. Some claim that the concessions that were com-
mon in large parts of Europe during much of the nineteenth and early twenti-
eth centuries were in effect the first PPP projects. Others argue that the concept
is a far more recent phenomenon, pointing to the development of project fi-
nance techniques for the early North Sea oil projects and various privatisation
policies implemented as the means for improving industrial efficiency during
that time. In recent history, one of the first widely recognised and documented



156

Construction Process Improvement

projects is the Hong Kong Tunnel: a BOT project (see Appendix: Terminology,
atend of chapter) that was completed in 1972. Since then, several more similar
projects have been initiated and completed in various parts of the world al-
though, until recently, not on a continuous basis (Morris 1994; Walker & Smith
1996; UNIDO 1996).

France can be credited for using private finance to upgrade its infrastruc-
ture, but the notion of PPP was generally recognised first when the British
government launched the Private Finance Initiative (PFI) in 1992. Since then
several different contractual arrangements within PPPs have come to the fore
such as BOOT, BTO, DBFO and DCMF.

Construction projects are influenced to varying extents by external factors
such as laws and regulations, politics and public opinion. This is even more
the case for PPPs, and the topic has attracted the attention of a wide range of
academic disciplines —see, for example, Montanheiro & Linehan (2000). So far,
comparatively little research has been conducted in the field of construction
management and in particular on the actual design and construction phases.
Instead, most attention has been given to investigations within the fields of
economics and political and social science. The findings are all, in their own
right, deserving of further consideration. Unfortunately, this cannot be done
in such a limited format as this chapter.

Several publications, mainly emanating from the UK, have been issued in
the last five years citing varying cost savings and increases in quality gener-
ated by projects following the PPP procurement route. In 1998, the UK National
Audit Office reported that the first four design, build, finance and operate
roads contracts were likely to generate net quantifiable savings of approxi-
mately 13% for the state (NAO 1998). A study ordered by the Treasury Task-
force examined 29 private finance projects to reveal an average net present cost
saving of 17% (HM Treasury 2000). In contrast, there are also several reports
that show increased costs, lower quality products and an overall decrease in
service quality: see, for example, Unison (1999) and CUPE (1998).

Caution has to be applied when comparing the findings in the reports, as it
is not always a matter of comparing like with like. First of all, projects are not
always set up in the same way and cannot at all times be treated as similar.
Take, for example, the construction and operation of a toll bridge as compared
with the construction and operation of a new high-security prison. Apart from
the obvious difference in the contracted service, these projects also differ in
several other areas such as regulations and norms that have to be followed
(design and operational freedom) and the means of remuneration (the predict-
ability of future revenues). Second, and perhaps more important, the projects
are examined in terms of basic parameters. The number of parameters chosen
and how they are weighted in comparison to each other will, in conjunction
with assumptions, strongly influence the result of the examination. For exam-
ple, the slightest change in the chosen discount rate will dramatically alter the
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outcome of any net present value or total life cost calculation. Furthermore, it
isimportant to keep in mind the form of data the report is based upon. It is not
uncommon for reports to be based mainly on information gathered entirely
from either public or private sector representatives even though it is obvious
that the parties have differing views on the value of, say, private sector man-
agement.

Most of the claimed cost savings originate from the valuation of risk trans-
fers. For example, ten of the 17% cost savings cited in the above Treasury report
are derived in this fashion (CIC 2000). Research on risk (especially risk dis-
tributions) is currently being conducted at several institutions covering both
assessment of risk and accounting for the transfer of financial risk. However,
littleresearch has been done inidentifying the cost savings that are tobe found
outside the scope of successful risk transfers.

In its 2000 study, The role of cost saving and innovation in PFI projects, the
Construction Industry Council (CIC) identified the role of innovation within
construction-based PFI projects. Using a survey based on questionnaires, data
were collected from 67 projects targeting clients, client advisers, project man-
agers within the SPV (Special Purpose Vehicle: legal entity that contracts with
the public sector client to provide the service) and SPV suppliers. From 108
responses it was concluded that cost savings could accrue from the use of in-
novative working procedures and new technology. The results show an overall
projectsaving in the region of 5-10% of which the highest average saving could
be found from within the construction phase. The savings in the construction
costs were also estimated to be 5-10%. It was concluded that the kind of in-
novation achieved varied depending upon the characteristics of construction.
Innovations within civil engineering were mainly technical whereas those in
building projects were much less likely to be technologically-based (CIC 2000).
The report provides useful insights into what senior managers consider to be
key improvement issues in PPPs: it does not, however, deal with implementa-
tion issues.

Guidelines and standard documents — see, for example, The Partnerships
Victoria Guidance (State of Victoria 2001) — are not uncommon. These are, how-
ever, created by public sector appointees and they target public sector clients.
Although the private sector clearly benefits from these guidelines, little has
so far been done to enhance the interests of commercial enterprises/private
sector companies in general and construction companies in particular, with a
few exceptions —see, for example, CIC (1998).

Innovation

Innovation as a field of study has existed for several decades; indeed, literature
can be found as far back as the early twentieth century (Padmore et al. 1998).
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Primarily, focus has been on the manufacturing sector of national econom-
ics (Slaughter 1998). Several definitions have been provided differing mainly
in their level of detail. A technical innovation is defined by the OECD (1996)
thus:

‘a technological product innovation is the implementation or commer-
cialisation of a product with improved performance characteristics such
as to deliver objectively new or improved services to the consumer. A
technological process innovation is the implementation/adoption of
new or significantly improved production or delivery methods. It may
involve changes in equipment, human resources, working methods or a
combination of these’.

On a more general level, Freeman’s (1982) definition of an innovation as the
actual use of a nontrivial change in a process, product or system that is novel
to the institution developing the change, has been commonly accepted. Of
significancein this connection is the emphasis on the change being novel to the
institution concerned. While this is also true for inventions the two should not
be confused. Aninnovation could very well be an invention butan inventionis
not necessarily an innovation unless it has actually been used —an innovation
does not have to be novel to the existing arts. The ERT (1998) states thatinnova-
tion should be seen as something greater than merely new technology, science
and research, and above all it should not be seen as a strictly economic issue.
It should also be considered as a way of organising work and social structures
in more efficient and humane ways, making organisations more competitive
and the workplace more satisfying. However, for the sector, innovationis, even
if it may not be the sole reason, about profit generation. Take away this aspect
and there is little point in investments that would merely consume resources
without payback.

Regardless of the definition adopted, it has long been common practice to
differentiatebetweenkinds ofinnovations and theirimpact on their surround-
ings.Inhis seminal work from 1934, Schumpeter credited innovations as a way
of increasing economic growth and differentiated between five kinds:

(1) introduction of a new product or a qualitative change in an existing
product;

(2) processinnovation new to an industry;

(3) theopening of a new market;

(4) development of new sources of supply for raw materials or other inputs;
and

(5) changes inindustrial organisation (Padmore et al. 1998).

While there is little point in stating that construction is specific, as this goes
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for all industries, it is still important to bear in mind that the sector has its
particular characteristics. Models created to describe innovation in manu-
facturing are not likely to be successfully applied to the construction context
withouta certain degree of modification. There are certain key differences that
distinguish construction from manufacturing that have to be taken into con-
sideration. Slaughter (1998) proposed that innovation in construction could be
described by a set of models based on two main principles:

(1) The magnitude of the change from the current state-of-the-art associated
with the innovation.
(2) Linkages between the innovation and other components and systems.

Five types of innovation are recognised:

* Incremental innovation — small changes based on existing technology. Its
origin is often to be found within the organisation implementing it.

* Modular innovation — a significant change within a component, but one that
has little effect on other components.

® Architectural innovation —this constitutes a small change in a component but
a major change in the links to other components and systems.

e Systeminnovation—integrates multiple independentinnovations to perform
new functions.

* Radical innovation — involves a breakthrough in science or technology that
could very well change the character of the sector.

Innovations in construction are most commonly of the incremental or modu-
lar kind (Koskela & Vrijhoef 2001), meaning that the sources for improvement
in construction are most often to be found within organisations that already
exercise control over the components and modules/systems. In a recent study,
Lenard (2001) shows significant differences between the manufacturing and
construction sector’s views on competition. Manufacturers perceive their
competitors as achieving greater market share. They therefore invest consid-
erable energy in monitoring competitors and encouraging subcontractors to
become part of their specific sphere of interest. In contrast, construction actors
perceive their counterparts as predictable and regard their main competition
as coming from their own clients, suppliers and subcontractors.

A major deficiency in the study of innovations in construction is the mix
between organisational and inter-organisational issues. Often it is assumed
that the same driving forces that lie behind innovation on an organisational
level are also key within unique project organisations. Innovations are too
often looked upon through an organisational perspective, i.e. as if the innova-
tion is a result of the work within the organisation, which is in itself a solid
entity. The interaction the organisation has with other actors and influences
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thereof are disregarded (Gann & Salter 2000). Following this logic, the unit of
analysis should not be taken away from its context and studied as a unique
phenomenon. Furthermore, innovations should not be looked upon as simply
one of occurrences.

Innovation is, as mentioned earlier, a change that is novel to the institution
developing it. The innovation could therefore be of an intermediate kind, add-
ing to the problem of assessing the significance of the change and the reasons
for its adoption. Essentially an innovation could be either proactive or reac-
tive. In work targeting the use of intermediate technology in manufacturing
industry, Lissoni (1999) suggests that technical progress is continuous and
that adoption of the latest technology can be postponed not only by waiting,
but also by adopting intermediate technology. In this context, issues such as
supply and demand cannot be discarded.

Research project

Project description and objectives

The research project featured in this chapter was initiated in 1999. The main
goal of the project is to clarify and strengthen the role of the construction sec-
tor in PPPs. Particular interest is given to the design and construction phases
of the projects.

The aim is to determine whether or not the PPP procurement route enhanc-
es the possibilities for the construction sector to be innovative and if the way
projects are set up enables novel practices and technology to be successfully
implemented. Part of the study is also dedicated to identifying the potential for
PPP projects in Sweden from selected studies of overseas markets, highlight-
ing key differences that are likely to affect the successful working of such an
arrangement. The aim is to pinpoint practices and techniques that work well in
practice so that the whole affair becomes more transparent, enabling construc-
tion companies to understand and then adopt a best practice approach.

Although transportation infrastructure is excluded from the study, lessons
that might also apply in such a context are being considered.

Research methodology

The nature of the target application — PPPs — is such that several considera-
tions have to be taken in establishing the approach to the research. Thus, the
research aims to answer two interrelated questions:
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(1) Does the PPP procurement route support the implementation of innova-
tive practices and novel technological solutions in construction?
(2) What are the main inhibitors to innovation within PPPs?

There are several proven research strategies that could be applied to this line
of research, all of which have their own advantages and disadvantages. Each
is a different way of collecting and analysing evidence but the boundaries are
not always clear and sharp, and even though each strategy has its own char-
acteristics there are large areas of overlap among them. The main difference
between the approachesis the relationship between the breadth and the depth
of the underlying study.

Construction projects are generally unique and of a longer duration than
the end products of industrial processes. This is especially true for PPPs where
the result can only be measured in the terms of the service provided. This, in
conjunction with the exploratory nature of research questions, has led to sev-
eral single-method research approaches being considered and subsequently
rejected. These include:

* Histories, considered as the preferred strategy in explanatory research
when the investigator has virtually no control over or access to events (Yin
1994). The method was disregarded because documentation on construc-
tion projects would not suffice in providing relevant information to answer
the research questions. Furthermore, considerable difficulty is attached to
establishing the objectivity of recorded data.

* Ethnography has its roots in anthropology and has been credited as an ef-
fective method for gaining insights that enable questions such as: what, how
and why certain events occur? The method was discarded due to the limited
time and resources allocated to the research project. The relevant phases
of a PPP project are usually of too long a duration for sufficient data to be
collected.

* Anexperiment canbe defined as ‘a study in which certain independent vari-
ables are manipulated, their effect on one or more dependent variables is
determined and the levels of these independent variables are assigned at
random to the experimental units in the study’ (Hicks 1982). In a scientific
context, experiments are devised to investigate any relationship between
activities carried out and the resultant outcomes. In studying construction
projects, it is often very difficult to isolate individual dependent variables.

An approach considered was that of comparative studies of similar projects,
undertaken at the same time by similar types of organisations (Fellows &
Liu 1997). This approach would fit both of the research questions but it was
deemed to be unworkable due to the time constraints of the project. PPP
projects are of too long a duration for a purposeful experiment to be conducted
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and it is nearly impossible to fulfil the requirements of similar projects at the
same stage in time.
A case study has been defined as something that

...investigates a contemporary phenomenon within its real-life context,
especially when the boundaries between phenomenon and context are
not clearly evident’ (Yin 1994).

Multiple sources of evidence are often used, e.g. documentation, interviews
and questionnaires. In the case of PPPs, one case study would not be enough to
answer the research questions, meaning that a multiple case approach would
be necessary. The method of generalisation would then have to be that of
‘analytical generalisation’ in which a previously developed theoryisused asa
template. This would allow the acquired empirical results to be compared and
both questions to be answered. However, the amount of work would surpass
the resources allocated to the project.

The chosen research approach for the project is multi-method. This has been
claimed to add to the strength of evidence collected (Brewer & Hunter 1989).
In this research they cover:

* a wide literature review examining leading academic and technical jour-
nals, technical reports, conference proceedings, case studies, the financial/
business press and government guidelines;

* the establishment of a reference group consisting of 14 members, all of
whom are considered to be experts within their respective fields, to repre-
sent the major stakeholders in PPP projects — the group is used as a means
for validating the findings as well as generating new insights and knowl-
edge through seminars and workshops;

* semi-structured interviews with senior representatives of organisations
involved in the PPP process;

¢ fieldwork with the researcher taking the role of observer within the BOT
unit of a large construction company; and

* a survey targeting individuals representing firms active in the various
phases of PPP projects with the emphasis on the design and construction
phases.

A survey constitutes the main part of the data collection. Surveys have
the advantage of allowing a greater sample of projects to be taken into the
research while limiting the human resources committed by the research
team. However, the use of questionnaires alone leaves the data vulnerable
to bias and reactive measurement effects, and the method does not allow for
analysis to be made of the relationships between independent variables and
causal relationships. Therefore, multiple sources of evidence are to be used,
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i.e. documentation, interviews and questionnaires. The method operates on
the basis of statistical sampling, as a full population survey is not possible or
indeed necessary. Itis expected that these actions will reveal valuable informa-
tion as to which criteria have to be fulfilled in order for innovative approaches
to be implemented within PPP projects. Conclusions will be drawn from the
results outlining successful practices, the responsibilities of those involved
and potential benefits that can be gained. Likewise, attention will be given to
failures and the reasons behind them.

Research results and industrial impact

This research project is not about assessing or passing judgement on the
rights or wrongs of including the private sector in domains that previously
have been operated solely by the public sector. Neither does it deal with issues
such as the socio-economic benefits of projects being realised ahead of time.
However, these are the kind of issues that tend to dominate the public debate.
This ongoing debate is very much impeded by confusion within the ranks of
the public sector and the media, as well as within the private sector. So far no
real consensus has been reached as to the meaning that is given to the term
PPP and acronyms such as PFI, BOT, BOOT, BTO, DBFO and DCMF are used
interchangeably (see Appendix: Terminology, below). The parties often appear
to be discussing different issues and it seems that the public sector is highly
influenced by prejudices and political sympathies.

Quantification of results

A position report, based on a literature review Public Private Partnerships in
Swedish Construction (Atkin & Leiringer 2000a) has been produced, covering
the current position of PPP in Europe in general and Sweden in particular. It
concluded that PPP projects are ever more common and that a clear trend can
be seen, one where governments are showing an increasing willingness to ex-
periment with alternative procurement routes. PPP projects are being carried
outor are about to startall over Europe and, although the projectsarenotin the
majority in terms of their size or expenditure, they do represent a considerable
volume of construction work.

The projects naturally differ depending on the end product and the given
geographical and legal restrictions of the country in which they are realised,
but there are also several other key aspects that separate the projects. In order
to be able to compare like with like, the foundation of a typology for PPP
projects has been created based on published reports, guides and manuals.
This work has resulted in the presentation of a number of key areas that have
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to be taken into consideration when assessing the projects (Atkin & Leiringer
2000b; Leiringer 2001).

Inhibitors to the successful implementation of innovative procedures have
been identified during the course of the research, through the means of litera-
ture reviews, structured interviews, observational fieldwork within a large
contracting organisation’s specialist BOT unit and group seminars. These in-
hibitors take the form of contradictions in the logic between what needs to be
in place to enhance innovative behaviour and the way that most PPP projects
are set up and managed.

It is expected that the survey will reveal valuable information as to which
criteria have to be fulfilled in order for innovative approaches to be implement-
ed within PPP arrangements. The aim is to show how the innovation compares
with what is going on in the sector as a whole, and if there are any direct con-
nections to its realisation (and that it took place in a PPP project). The inten-
tion is to show if anything in the project set-up or in the way the project was
procured enables or inhibits innovation. This information will subsequently
be instrumental in the preparation of guidelines for construction sector actors
venturing into PPPs.

Implementation and exploitation

Sweden is at a crossroads with fundamental decisions pending at the highest
of political levels. Regardless of whatever decisions are taken in the near future
there seems to be little doubt that PPP projects will be realised sooner or later.
With the driving forces arguably being somewhat different from that of other
countries, it seems likely that the concept will be more focused on providing
a high-quality service than on getting the projects off the public sector bal-
ance sheet. This means that projects and therefore the actors involved will be
assessed on their ability to provide something better (in terms of time, cost
and quality) than would be the outcome of a traditionally procured project.
Evidence from elsewhere shows that this could be done, but so far it has not
been achieved on a continuousbasis. There are numerous examples of projects
that have not been able to fulfil their stated objectives.

Very few Swedish construction companies have a track record in these
kinds of arrangements due mainly to the lack of projects. Knowledge of
the kinds of arrangements that are conducive to innovation will increase
the chances of project success. Furthermore, what is desirable from clients,
financiers and other stakeholders may not lead to an optimal solution from
a design and construction perspective. Indeed there are potential project set-
ups that are far from ideal for construction companies to venture into, both in
the sense of taking shares in the SPV as in undertaking actual construction
work. It is believed that construction actors would benefit from guidelines
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and that these would help accelerate learning and enhance the possibility of
a successful outcome.

Conclusions

Internationalisation is likely to lead to PPP projects becoming even more com-
mon. Much hasbeen said regarding the potential of the PPP procurement route
and several benefits are claimed to accrue from its implementation. However,
PPPs should notbelooked upon as simply a source of work for the construction
sector. There exist obstacles and contradictory evidence of the emergence of
improved practices. Not all projects are suited to the PPP procurement route
and not all PPP projects are an ideal venture for construction companies. Best
practice is yet to be established and it is still to be proven whether or not this
procurement route lives up to what is claimed.

Appendix: Terminology

BDO: Buy Develop Operate

BLT:  Build Lease Transfer

BOO: Build Own Operate

BOR:  Build Operate Renewal of concession
BOT:  Build Operate Transfer

BOOT: Build Own Operate Transfer

BRT:  Build Rent Transfer

BT: Build and Transfer

BTO:  Build Transfer Operate

DBFO: Design Build Finance Operate
DCME: Design Construct Manage and Finance
LDO: Lease Develop Operate

LROT: Lease Renovate Operate Transfer
MOT: Modernise Own/Operate Transfer
OM:  Operate and Maintain

PFL: Private Finance Initiative

PPP:  Public-private Partnership

ROQO: Rehabilitate Own Operate

ROT:  Rehabilitate Own Transfer
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Chapter 14

Pros and Cons in Partnering
Structures

Anna Rhodin

Introduction

Wider use of partnering canbe a driving force for development of the construc-
tion process. The phenomenon itself is multifaceted and so are the motives
for using it. Principles and practices need to be developed step-by-step and
adopted at different levels within organisations. Contextual adjustments and
arealistic view of expected outcomes, related to investments in terms of money
and time, are crucial for the future acceptance of partnering.

The consensus formed from a study of literature on partnering is that, at
the broadest level, it is an arrangement whereby client and supplier seek a
mutually effective form of association. It can involve a commitment to work
closely together for the duration of a single project or for a number of projects.
Partnering includes a set of processes to support collaboration and these canbe
modelled. Some of them are not new for the construction sector. The strength
of partnering arrangements includes the flexibility to organise and the op-
portunity (and importance) of scaling or tailoring its application according to
project-specific characteristics.

This chapter aims initially at reviewing the state-of-the-art for partnering
in construction. The review demonstrates the comprehensiveness of the con-
ceptleading to implications for practitioners as well as researchers concerning
partnering in the construction sector. Additionally, the outline of a research
project is presented. The research is addressing the question of how formal-
ised and structured partnering enhances or inhibits collaboration in small- to
medium-size multi-partner activities. Some tentative results are discussed.

State-of-the-art review

Issues related to partnering in construction represent the main part of the
following section, since this is the primary area of research. Also discussed,
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albeitbriefly, are inter-organisational collaboration, group processes and com-
munication.

Partnering in construction

There is a division between those who see partnering as an informal and or-
ganic development and those who regard it as something formal and actively
engineered. This separation between formal instrumental views and informal
developmental views on partnering is reflected also in attitudes towards the
role of contracts in such arrangements (Bresnen & Marshall 2000a).

In the following state-of-the-art review, characteristics and attributes re-
lated to partnering are broadly examined from informal as well as formal
perspectives. A critique on partnering in construction and research on the
topic is summarised separately. Results presented later constitute a small part
of abroad study of partnering in a Swedish context. In order to form a theoreti-
cal framework for discussion of results in the chapter, the final section deals
with the selection process, role of contracts and the external environment in
partnering arrangements.

Since the late 1980s partnering in construction has drawn a lot of attention
from academics and practitioners. Most documented work has emerged from
experiences in the US, UK and Australia. One study of partnering research
in construction (Li ef al. 2000) summarises the past 10 years of documented
issues published in 29 articles in the highest rated construction management
journals. They found four major themes of empirical research: project partner-
ing; examination of a dual relationship; international partnering and special
applications of partnering. Non-empirical research and studies focused on
types of partnering, partnering models, partnering processes and partnering
structures. Half of the papers reviewed covered empirical work.

A few studies are based on large samples of projects. Larsson (1995) investi-
gated the contractor—-owner relationship in 280 construction projects to meas-
ure the degree of success related to alternative approaches. The criteria used to
measure project success were cost, schedule, technical performance, customer
needs, litigation avoidance, participant satisfaction and overall results. Dif-
ferences between informal partnering (77 projects) and more structured and
formalised partnering approaches (59 projects) were significant. Larsson sup-
ports the idea of a more structured approach to partnering. The impact of im-
proved interaction on objective performance measures is validated in a study
of 209 projects, including 63 based on partnering. Degree of Interaction (DOI)
is used as an objective, quantifiable method of approximating project integra-
tion. Partnering and combined projects had significantly better performance
than traditional projects in three of the four indicators, namely cost, schedule,
modifications and design deficiencies (Pocock & Liu 1997).
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Partnering in construction is becoming a well-established way of contract-
ing in the UK, US and Australia, unlike the situation in Sweden. Practical
guides to best practice are common in the English-speaking countries. Con-
siderable academic work and practice on partnering has been conducted in the
UK during the 1990s. Guides to so-called second and third generation partnering
have been produced (Bennett & Jayes 1998). A comparison of experiences on
partnering between Sweden and UK indicates that, in the former, partnering
moves between the first and second generation depending on the aspectanalysed
(e.g. processes, clients and teams). A couple of studies have been carried outin
Sweden with emphasis on cost reduction through common goals, integrated
organisations and analysis of work processes (Andersson & Borgbrant 1998;
Persson 1999).

Behavioural aspects of relationships

Partnering places special emphasis on front-end decision-making, planning
and execution phases of projects, as well as the rapid integration of organisa-
tions with different knowledge bases (Barlow 2000). The emergence of trust
is critical in influencing the scale and scope of knowledge transfer between
organisations (Barlow et al. 1997). There are similarities between partnering
as a process for effective collaboration and the ideas of learning organisations.
DeVilbiss & Leonard (2000) have created an implementation model for alearn-
ing organisation where partnering is the foundation.

Many authors identify mutual trust as a key characteristic in successful
partnering. Barlow et al. (1997) emphasise the characteristics of individuals
and their openness and willingness to accept and share responsibility when it
comes to mistakes. Furthermore, the presence of more open and flexible com-
munications for the development of trust is strongly emphasised. Reduced
transaction costs through social capital and trust have been argued by Wil-
liamson (1975). Lazar (2000) uses game theory to explain how trust-based
relations develop, and demonstrates that a mixed strategy produces higher
scores for all players than either unconditionally collaborative (co-operative)
or conditionally competitive (adversarial) behavioural strategies. Lazar dis-
tinguishes between trust-based and reciprocity-based relationships in part-
nering arrangements where the latter is the most fragile.

Perspectives of the Eastern culture and how it can contribute to project
success through partnering is given by Liu & Fellows (2001). In Eastern busi-
ness, personal integrity is the primary consideration, while Western busi-
ness emphasises legal formalities in the shape of contracts. Management of
conflict through self-cultivation and goal setting that yields goals sufficiently
attractive to all participants are suggested as essential issues for the adop-
tion of the partnering process. Culture manifests itself in behaviours that are
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underpinned by values. Theimportance-hierarchy of values to the self dictates
one’s behaviour. According to goal setting theory, rewards affect the degree of
commitment to goals. If individuals benefit from trusting behaviours they will
continue their self-cultivation. In such a holistic approach to goal attainment
in partnering, the emphasis on a physical structure to dictate the partnering
process will miss the point.

An experimental, large-scale survey on the contractor and designer rela-
tionship illustrates that the areas most likely to contribute to disintegration
seem to be those that have the greatest link to the organisation. The designers
had an apparentlack of concern for general contractor profitability. Architects,
in particular, tend toward a traditional arm’s length relationship, whereas
contractors favour integration. The results imply, if they hold in practice, that
improving project performance through integration is not without significant
difficulties (Puddicombe 1997). Kadefors (1999) discussed five identified driv-
ing forces and dispositions affecting the client, design team members and the
contractor in negotiations centred on changes (variations). The fairness con-
straint, economic interests, status aspects, intuitive information-processing
biases and civic spirit together make conditions of interaction less transparent
and predictable. There is clear evidence in the studies of complexity when it
comes to behaviour. An awareness of these underlying factors is fundamental
for progress in partnering research and for partnering implementation.

Culture, as a theme, receivesrelatively little attention in partnering research
although it is often stated as important. Bresnen & Marshall (2000a) observed
the simplistic way in which partnering has been examined. They mentioned
the existence of sub-cultures and the complex dynamics associated with
changes as two examples of cultural difficulties. A cultural fit between col-
laborating firms can provide a basis on which mutual confidence and trust can
develop (Faulkner & De Rond 2000).

Tools and techniques suggested for partnering

The use of different formal tools and techniques is often proposed to support
and develop partnering processes. Project managers, however, would benefit
from an understanding of the underlying factors that the tools address, as
well as the tools themselves (Puddicombe 1997). Results from the study by
Larsson (1995) of 280 construction projects emphasise the value of investing in
more structured partnering approaches. Superior results in terms of control-
ling costs, achieving technical performance and meeting customer needs and
in the overall results were reached in the formalised partnering projects. No
significant differences were found in the study between formal and informal
partnering projects related to meeting schedules and avoiding litigation.
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The formation of a partnering charter has been seen as the single most ben-
eficial tool in developing a co-operative partnering relationship (Thompson &
Sanders 1998). Common goals for involved parties are agreed in a document
at an early stage of a project. In order to achieve alignment of the team, it is
important that goals are really shared and clearly understood by everybody.
Animportant instrument in the process of building trust and aligning parties
with different perspectives is teambuilding (Barlow et al. 1997). Formal team-
building with external facilitators did not seem to be evident in the partnering
cases studied, neither was teambuilding repeated at key project stages. Forma-
tion of charters and teams are activities that are expected to be managed in the
form of meetings or workshops for one or two days at which the key players
areinattendance. Follow-up workshops for evaluating progress and induction
workshops, when someone is appointed later in a project, are recommended
in practitioners’ literature, alongside final workshops for reviewing project
performance (Bennett & Jayes 1995).

In observations of case studies in partnerships and alliances, limitations in
the use of incentives are verified. The implication is that systems for enhancing
motivation need to be very carefully designed. Motivation and commitment
operate at different levels of analysis with respect to the organisation and the
individual. Participant evaluation of rewards, expectation of performance and
perception of equity are highly subjective and that they may differ must be
understood. Intrinsic as well as extrinsic rewards influence motivation and
commitment (Bresnen & Marshall 2000b).

Pietroforte (1997) noticed a dislocation between the pattern of roles and
rules advocated by standard contracts imposing hierarchical structures on the
process and behaviour observed in practice. Building projects are successfully
completed through federative mechanisms such as co-operation supported
by personal communication and exchange of qualitative and uncertain infor-
mation. The focus on IT applications is considered to be broadened from the
control of cost and schedule, to communication supporting human interac-
tion and mutual adjustment. Electronic links were suggested, with capabili-
ties such as interactivity, simultaneous two-way information exchange and
flexibility of communication format, to network all project actors, despite their
geographic dispersion and time limitations. Development of ajoint IT strategy
to enhance a high level of communication in partnering projects is supported
by Bennett & Jayes (1998).

Models to shape and describe the concept and various conditions in rela-
tionships are developed for partnering. A partnering continuum hasbeen creat-
ed to illustrate the benefit of different degrees of objective alignment between
the parties involved. Four stages, each representing a new level of alignment
with different applications, are described and illustrated. The traditional
approach is called competition and is followed by co-operation, collabora-
tion and, finally, coalescence, representing the ultimate stage of partnering,
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including a total redesign of work processes between parties. Companies in-
volved in multiple relationships could use the continuum in order to provide
guidelines for selecting partners and determining the type of relationship
desired (Thompson & Sanders 1998). Another conceptual model was created
focusing on organisational boundaries used to classify and describe interfaces
between entities as flexible and /or permeable. The model enhances the overall
efficiency of the partnering technique by defining the objectives, segregating
the resources and establishing a territory for the actors through the modifica-
tion and addition of new boundaries (Crowley & Karim 1995).

No peer-reviewed papers have been found on the special partnering-leader
roles —facilitators and champions. They are described in most of the practical
guides and in an informative way in some articles. Champions are involved
in the selection and monitoring of facilitators and represent each organisation
taking part in large projects. Champions must have a strong link to the next
level of command (ECI11997). They also have a central role in helping tonurture
and implement the partnering process. They may well be crucial in promoting
and distributing an organisational memory of the lessons learned from part-
nering experiences (Barlow 2000). Facilitators should be independent, have a
basic understanding of construction and knowledge of the partnering process.
They should be skilled in organisation, communication, problem solving, con-
flict-management and listening. Flexibility, willingness to become familiar
with the project and the people, and accessibility throughout the duration of
the project are important attributes too (ECI 1997).

In an empirical study of nine cases, Bresnen & Marshall (2000c) note that it
may still be possible to engineer collaboration in the short term, using formal
mechanisms such as incentives and teambuilding. These strategies are most
likely to be successful where clients already have appropriate experience and
capabilities.

Critical views on partnering in construction

Partnering has yet to mature in construction, which is evident in the diversi-
fied nature and scope of studies that have been undertaken to date. For that
reason, myriad definitions exist (Li et al. 2000). The lack of an adequate and
precise definition of partnering seems to be a problem. Bresnen & Marshall
(2000a) question if itis possible to define partnering as a coherent strategy that
involves the deployment of a more or less universal set of practices, systems
and procedures. Alternatively, they question why the term partnering is so
diffuse and malleable that it can be ascribed to any form of non-adversarial
relationship.

Much partnering literature can be characterised as prescriptive. Empiri-
cal evidence has been piecemeal and anecdotal with an absence of counter-
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arguments (Bresnen & Marshall 2000a; Li et al. 2000; Green 1999). The way in
which partnering has been conceptualised and investigated is criticised by
Bresnen & Marshall (2000a), who want to see more pluralistic approaches and
explorative studies of the social and psychological aspects of partnering as a
mode of organising. Kumaraswamy & Matthews (2000) criticise the fact that
the impact of partnering on main contractor/subcontractor relationships has
largely been overlooked. Bresnen & Marshall (2000a) support the critique: there
is an obvious lack of diffusion of collaborative norms down the supply chain.

Green (1999) views partnering as a crude exercise of buying power and
draws the parallel with previous corporatist regimes where different inter-
est groups are bound together by duty and mutual obligations, and where
interest groups triumph over individuals. The background to the critique is
the gap between the rhetoric of major clients in the UK construction sector
and their behaviour. The emphasis on continuous cost improvement makes
the logic unsustainable. Continuous improvements, in general, are associated
with management-by-stress according to Green. Construction firms cannot
be critical because of the threat of being labelled adversarial, thereby denying
themselves access to a significant part of the market.

In a systematic critique of previously published partnering literature, aca-
demics from China and Australia provide suggestions for future research.
Of particular importance are: validation of identified performance measures
and critical success factors; development and testing of partnering models and
processes; and formatting and selecting partnering strategies. To explain the
partnering phenomena and test existing theories there is a need for careful
qualitative and quantitative empirical research (Li et al. 2000).

The selection process, role of contracts and external environment

Commentators often argue for the contract as a critical component of integra-
tion efforts in construction projects (Puddicombe 1997). On the other hand,
the argument is that too deep levels of contracting tend to reduce flexibility
and the freedom to do what is best to meet the project goals. However, relying
on a formal contract alone is not seen as sufficient to promote deeper desired
changes in attitude. Behaviour is not determined simply by formal structures
and systems, but instead is the result of conscious choices and actions and a
complex interplay between structural imperatives and their subjective inter-
pretation and enactment (Bresnen & Marshall 2000a).

Lazar (1997) identified intrusions from the outside world as an external form
of barrier to partnering, one example of which is politics. Externally imposed
barriers, that affect climate, culture and the structure of organisations, are,
for example, laws permitting very strict notice provisions. Another example
of an external barrier is a reward system for middle management including



Pros and Cons in Partnering Structures 175

disincentives for decision-making and risk taking. Remedies for externally
generated barriers to partnering need to be developed on a case-by-case basis.

In creating relationships and contracts where every party should feel like a
winner, equity becomes a central prerequisite. One pillar of partnering is equity,
to ensure everybody is rewarded on the basis of fair prices and fair profits
(Bennett & Jayes 1998). Short-term commercial sense is one level of equity: an-
other is the more long-term aspect, which can be a question of attitudes to the
kind of rewards that partnering can provide. The concept of equity in social
transactions can be traced back to Adams (1965), according to whom a condi-
tion of equity exists when the values of outcomes and inputs to each party are
perceived as proportional. External major changes impact parties’ perceptions
of efficiency and equity. In terms of contract, the partners’ assessments cause
them to either engage in renegotiations or to modify their behaviour unilater-
ally in an attempt to restore balance in the relationship (Arino et al. 1998).

Inter-organisational collaboration

The term alliances now serves as an umbrella for a host of co-operative relation-
ships in the increasing amount of publications on co-operative activities.

Numerous terms in management are used to describe an alliance, e.g. part-
nering, partnership, strategic partnership network, co-operative partnership
integration, strategic alliance and vertical integration. This phenomenon has
drawn a lot of attention from academics during a relatively short period.

Faulkner & De Rond (2000) structure the most popular theoretical frame-
works used in empirical studies of co-operative behaviour. Among the eco-
nomic viewpoints the most important are:

(1) strategic management theory, especially market power theory;
(2) transaction cost theory;

(3) theresource-based view;

(4) agency theory;

(5) game theory; and

(6) real options theory.

Withinthe organisation field thefollowingarelisted as theoreticalinstruments
to treat co-operative strategy:

(1) resource dependence theory;
(2) organisational learning;

(3) social network theory;

(4) theecosystems view; and

(5) structuralist perspectives.
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There is an imbalance in studies, with more focus on the rationale for co-
operating, partner selection and performance and less on processes and
evolution.

The behavioural aspects are added to the structure as three key areas:

(1) differing culture and the management behaviour they give rise to;
(2) the quality of trust that is so important for all joint endeavour; and
(3) thenature of commitment to the alliance made by the partners.

Partnering in relation to group processes and organisational communication

Partnering is in many aspects a group phenomenon. Within social psychology
our knowledge about group processes leads into aspects of team spirit, inter-
group co-operation, group productivity, commitment, interdependence and
collective problem solving (Brown 2000). By drawing on the strengths of some
of the theoretical models in this field, we can try to understand a little more
of how to co-operate more effectively in construction projects. The awareness
of verbal and behavioural communication skills is another important area
of knowledge for the development of effective communication in construc-
tion. Organisational communication deals with conflict, persuasion, ethics,
roles, rules, culture, networks, diversity, leadership, creativity and technology
that all become actual for inter-organisational collaboration in construction
(Yuhas Byers 1997).

Research project
Project description and objectives

The research project in its entirety is an empirical replication study with a
broad approach to partnering, having the overall purpose of exploring the ef-
fectswhen the conceptisused in practicein Sweden. Asindicated by Bresnen &
Marshall (2000a), there is a need to be cautious when attempting to extrapolate
experiences of partnering to other national contexts. In the research, different
grounds for using partnering in construction are analysed and a comparative
discussion and verification of previous work in the field is being conducted.
Some of the conditions that encourage or inhibit partnering in practice will be
identified in the context of the cases under investigation. For the reason that
all three cases are ongoing, the research results in this chapter are tentative.
The focus in the chapter is on the selection process, contract conditions and
external environment. The outline of the project is presented in Fig. 14.1.



Pros and Cons in Partnering Structures 177

Review of Literature
A B - C
. ' toniversit
Emplrlcal data Hospital Road 339 00l ;u”lé?r']‘éefs' Y,
Method Interviews Interviews Interviews Interviews Questionnaire
Document Document Document (preliminary)
Observation Observation Observation
Characteristics  Medium Small Small Persons
sized project Project. Project. with spec.
Design/build Combination Combination knowledge or
experience
Type of client County Board | Swedish National| Akademiska
Road Adm. Hus
) ” Informal
Formalised. Competitive tendered partnering
Initiated by professional clients. Lawyer efc.
Focus Key staff in projects
Clients, designers, contractors,
subcontractors

Fig. 14.1 Design of the research project.

In terms of economic value, the projects range from €2.5 million to €34 mil-
lion and are being undertaken in relatively small local markets. Project A (a
hospital) involves serial contracting within a main contract; the others repre-
sent small project-specific partnering projects. The period of the relationships
is two-and-a-half years for project A, and one year for both project B (a road)
and project C (a roof). The price factor in the competitive tendering process
was 3% (A), 33% (B) and 40% (C). A target cost including a risk/reward ele-
ment was used in all projects. There is a mix of approaches to subcontracting
between the three cases, but at least the two or three main subcontractors in
each case were contracted under partnering arrangements. A document with
common goals, known as the charter, was established at a formal workshop
in the early stages of the projects. The charters were given high status among
the contractual documents.

Design and construction integration included continuous contractor input
to design in all cases, with some variations in degree and timing. As a basis
for collaboration, two different forms of traditional standard contracts were
used. The design/build alternative (A) follows traditional ideas of responsi-
bility strictly in line with the standard contract. Responsibility by solidarity
in decisions is, for the combined projects (B and C), included as a condition of
contract. Follow-up and induction workshops were present in all projects. In
order to enhance communication and the handling of project documents, a
project network was used on all the projects. External facilitators with special
knowledge of partnering were not present on the projects except B, which was
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a demonstration of partnering supported by The Civil Engineering Construc-
tion Forum, a part of The Royal Academy of Engineering Sciences, IVA.

Research methodology

Quantitative approaches have a distinctive function in partnering research
for probing patterns and commonalties (statistical generalisations). However,
a qualitative approach is used in the study for trying to explore the nature of
problems and draw inferences from the data provided. Flexibility and op-
tions for in-depth analysis are other reasons for choosing qualitative research
methods.

Project-specific partnering concerns dominate over more long-term issues
inthe study even though theboundaries are not obvious. Case studies are used
because the contextual conditionsin construction projects are highly related to
partnering asa phenomenon. Ina case study, itis possible to deal with different
sources of evidence and many variables of interest; and furthermore, the form
of inquiry does not depend solely on ethnographic or participant-observer
data — this was a more pragmatic reason.

A multiple-case design was used with variations within the cases as a
strategy. One important practical selection criterion was the availability of
formalised partnering projects. Cases were also selected so that a study in real
time would be achievable to some extent in all cases. Prior to June 2001, thirty
interviews with key staff from different projects had been conducted, with
direct participant observation and studies of documentation in each case to
supplement the data collection.

The interviews were semi-structured and lasted from one to three hours.
In trying to create a holistic picture of partnering in context, the viewpoints of
clients, contractors, designers and subcontractors were examined.

Research results and industrial impact
Quantification of results

Competition on price and establishment of the target price, when the scope
of the project is relatively undefined, seem to be problematic for contractors.
Competitive tendering resulted in a traditional approach to the compilation of
the tender for several contractors, and forces related to market power become
more apparent in this stage of the process.

Evaluation of tenders on criteria other than price occurred in all cases to
a considerable degree. Contractors are unaccustomed to being evaluated on
criteria based on opinions such as ability to collaborate, organisation, under-



Pros and Cons in Partnering Structures 179

standing of partnering and personal skills. After letting contracts, clients have
to spend time explaining the motives for their choice to those who did not get
the job.

There is evidence of the need for clarity in economic conditions for contract-
ing as, for example, how and when a target price will be upgraded. Every party
has to know and understand the share of its own risks before entering into the
contract, otherwise the ambiguity will make an impact on the relationship
throughout the whole project.

Common goals have influenced to what team members have given priority
in the different cases, and these can be in conflict with each other or lead to
unexpected consequences. Analysis becomes important for goal formulation
work in the early stages.

One example where the impact of the external environment has been ex-
tremely highisrepresented among the cases. Difficulties in reaching decisions
at the political level influenced commitment at many other levels in different
organisations. This was due to uncertainty in terms of future investment and
disturbances in the information flow. On the other hand, collaboration in
the form of partnering made it possible to handle major changes in a flexible
manner.

A critical factor in developing trust in relationships is time. Another factor
from the external environment has to do with the degree of dependency. In a
small local market, the parties need good relationships for future work, many
of the individuals involved knowing each other from several years of collabo-
ration and who will no doubt meet many times on coming projects. Relation-
ships in these studies are long term after a fashion, even though partnering is
for a single project.

Implementation and exploitation

Partnering appears from the outside to be an easy, kind and cosy way of
working. Some of those who really have tried partnering think it demands
much more of each party than traditional approaches. Habits, attitudes and
behaviour being put to the test in difficult or sensitive issues make partnering
difficult to achieve. Separately, none of the tools and techniques is new. The
challenge is to put these practices together in an effective work setting com-
bined with an awareness of underlying behavioural factors.

The projects studied use some existing tools, but the potential in partnering
isnottotally utilised. In a national context, the research results canbe used asa
documentation of early partnering experiences. Strategies for change towards
more effective collaboration by the companies involved canbe developed from
the research, which overall aims to produce additional understanding of the
application of partnering in the construction sector. Some new insights may
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arise, based on the different conditions the Swedish market offers when com-
pared with the UK, US and Australia. The scale of projects, traditions and
culture are examples of conditions that might vary between countries.

Conclusions

Partnering is one of the more recent initiatives to improve communication
between different parties in the construction process. The problem of insuf-
ficient communication has been known for at least four decades, reasons why
these problems still remain being many. One could be that the incentive for
change has not been strong enough. However, there was almost total agree-
ment among interviewees for a move towards a higher degree of co-operation
between parties.

One internationally-known factor influencing the spread of partnering in
the construction sector is clients” and contractors” awareness of partnering.
This holds good for Sweden too. Deep-seated patterns of behaviour, routines
and familiarity with traditional approaches to purchasing, tendering, formu-
lating and evaluating contracts inhibit change; all this in combination with a
lack of genuine trust. Change creates uncertainty and can lead parties to reject
new thinking and practices. Improvements in relatively small increments are
easier to achieve and succeed over time in drawing attention to partnering
in small packages. Many clients, designers, contractors, subcontractors and
other suppliers need regular practice, and under different conditions, in order
to have a chance to establish co-operative behaviour and develop procedures
for partnering activities.

Many researchers and practitioners have said that partnering is most ap-
propriate for large projects or projects with a certain degree of complexity. In
a smaller project, cost savings or time reduction may be limited. However,
there is still a range of other potentially positive outcomes with partnering
such as learning, improved quality, end-user satisfaction, safety, cost control
and improved working environment. When the project is large and complex,
people are prepared to use the concept fully. The conditions for partnering, as
a force for change, will be enhanced and the risk of losing another initiative
for improving communication is much reduced.
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Chapter 15

Importance of the Project Team to
the Creation of Learning Within and
Between Construction Projects

Fredrik Anheim

Introduction

In recent decades, the rate of cost increases in the construction sector has ex-
ceeded the Consumer Price Index. This could be the result of several factors,
such as government subsidies, tougher controls, limited international compe-
tition, local purchasing behaviour and the oligopolistic situation that exists
in several segments of the building materials market. Between 1965 and 1996,
productivity in the construction sector corresponded to an average annual
increase of 1.7%, compared with 2.9% for other sectors of manufacturing in-
dustry (BKD2000). A feature shared by all successful companies in these other
sectors is a desire to learn from mistakes in order to enhance the efficiency
of their production operations and be able to offer their customers improved
products (Womack et al. 1990).

The greater difficulties, when compared with other industrial sectors, that
the construction sector has encountered in its efforts to reduce costs, could de-
rive from several different factors. One such factor could be that companies in
the sector have found it difficult to learn from the operations that they perform.
Each new construction project is viewed as a separate assignment and insight
into what could be learned from earlier construction projects is low. Various
researchers agree that improved learning could generate highly favourable
effects on productivity and quality in the sector (Fernstrom 1992; Borgbrant
1993; Josephson 1994).

According to Argyris & Schon (1996), an organisation’s success is the result
of its ability to see things in a new light, to assimilate new realisations and
to create new patterns of behaviour. Penrose (1995) is of the opinion that an
organisation’s growth and development are the result of a collective increase
in knowledge within the organisation. If the construction sector could show
only a fraction of the pace of development reported for other manufacturing
industries, it would be possible to achieve the desired increase in efficiency.
Several researchers — for example Senge (1990), Nonaka & Takeuchi (1995),
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Ellstrom (1995), Borgbrant (1987) and Bion (1961) — highlight the importance of
the project team in efforts to generatelearning in an organisation. Accordingly,
the purpose of this chapter is to enhance knowledge of how project teams in
a contracting company can affect the potential for its members to learn from
the experiences gained in each specific project. This results in the following
research question: how do the project teams of building contractors support or inhibit
their members’ ability to learn from experience?

State-of-the-art review
Knowledge and learning — concepts and definitions

Such words as knowledge, experience, competency and learning were as-
signed a more prominent position in management research during the 1990s.
Conceptssuchaslearning organisations and knowledge managementbecamebuzz-
words and were claimed to be success factors for organisations in the new
millennium (Argyris 1992; Nonaka & Takeuchi 1995; Senge 1990). But what is
knowledge? The Greek philosopher Plato introduced the concept of justified
true belief. Plato believed that knowledge existed only in our thoughts. Aris-
totle developed Plato’s thoughts that knowledge existed only in the world of
thought to include the idea that observations could also provide knowledge.
In modern times, Polanyi’s (1958) definition of knowledge is significant. He
divided knowledge into facit and explicit knowledge.

Tacit knowledge can be said to be the knowledge that we as individuals
possess without being able to explain what it is to other people, either in writ-
ing or in words. It consists of experience and know-how. Accordingly, it is dif-
ficult to disseminate tacit knowledge in an organisation. An individual cannot
transfer tacit knowledge to someone else, unless the people concerned work
together to enable the recipient to experience the knowledge him/herself.

Explicit knowledge is knowledge that can be described in a manner that
other people can understand. This means that explicit knowledge can be dis-
seminated in organisations and thus increase an organisation’s total expertise
(Nonaka & Takeuchi 1995).

Argyris (1993) and Argyris & Schon (1996) claim that learning is something
that occurs when we study and correct faults or mistakes, or when we compare
results with objectives. They also emphasise the fact that learning occurs in
two different stages. The first is when we correct processes or products based
on feedback (single loop) and the second (double loop) is when this feedback
results in our questioning the values represented by the organisation and any
other relevant external sources (Argyris & Schn 1996). In their opinion, learn-
ingis also connected to action. They state that when a new action is conducted
by individuals or a company, this is proof that learning has really occurred.
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Ellstrom et al. (1996) have defined learning as

... relatively permanent changes in an individual’s competency that
result from the individual’s interplay with his/her surroundings”.

Bjorkegren (1999) states that learning is a process in which knowledge is
transferred and utilised. Ellstrom et al. also claim that learning involves the
breaking of existing routines. If someone possesses new knowledge without
changing or reviewing their behaviour — using their knowledge — they have
not learned anything. Both individuals and organisations can learn.

For an organisation to be able to learn, it is essential that the individuals
in the organisation learn. Learning occurs in the minds of individuals. But if
theseindividuals use their knowledge —theirlearning —in order to develop the
organisation, it could be said that the organisation also learns. Organisations
may be viewed as a composition of individuals that possess knowledge. But the
organisation itself can also possess knowledge. Examples of such knowledge
include procedures for how a specific aspect of work should be conducted, as
well as the culture and values existing in an organisation (Argyris & Schén
1996). If the organisation’s procedures, culture or values change, it could be
said that the organisation has learned: it demonstrates new behaviour.

Thus, learning may be defined as behaviour being changed, or re-assessed
asaresult of new knowledge —see Fig. 15.1. This definition of the learning proc-
ess means that the behaviour of the individual or the organisation has been
affected by experience to such an extent that the previous behaviour has been
re-assessed or changed. The learning process is the process that results in the
received experience being registered, converted, communicated, understood
and used.

According to Senge (1990), a learning organisation could be said to be a
company that utilises its employees’ commitment and ability to learn at all
levels of the organisation. The aim is for the company to develop faster than
its competitors. Nonaka & Takeuchi (1995) focus primarily on what they call
knowledge creation. They believe that new knowledge is created when people
with different experiences (tacit knowledge) meet with the aim of solving dif-
ferent problems. New knowledge is created when this meeting of the different
individuals’ prior knowledge and experience is combined with a challenging
mission.

Input Output
; Learning Re-assessed or
E
xperience process changed
behaviour

Fig. 15.1 The learning process.
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Knowledge transfer — concepts and definitions

Knowledge can be transferred in various ways. It can be transferred by an
individual describing an experience to someone else, via written instructions,
through an illustration of an object, through a metaphor or by looking at how
somebody else performs an action. How well (meaning how authentically it is
understood by the recipient) such knowledge is transferred depends on sev-
eral factors. All individuals have different prior knowledge and are affected
by different environments — they exist in different cultures. As a result, they
interpret the information in different ways (Reddy 1993).

Sveiby (1995) states that knowledge transfer can be divided into two differ-
ent processes. The first process, which he calls information, occurs indirectly
through some form of medium and the second, which he calls tradition, occurs
when individuals exchange knowledge directly with each other. Knowledge
management can be viewed as a type of knowledge transfer within an organi-
sation and may be defined as how a company utilises the knowledge possessed
by the people in the organisation. Martensson (1999) says that knowledge
management makes visible, and highlights, the competencies available in an
organisation with the aim of subsequently being able to control the organisa-
tion in a better way.

Bjorkegren (1999) argues that the transfer of knowledge between different
projects in an organisation is subject to obstacles and opportunities. She em-
phasises two main methods for transferring knowledge between projects. The
first occurs through knowledge bearers, meaning individuals who move from
one project to the next, bringing with them knowledge and previous experi-
ence. The second occurs when the experience results in changed procedures
for controlling how work in forthcoming projects is to be conducted.

Team learning

To facilitate organisational learning within a company, various driving forces
or other key prerequisites mustbe discussed. A number of leading researchers
in this field state that working in a team is one of the principal prerequisites in
this context. A few of the most relevant of these theories are presented below.

Nonaka & Takeuchi (1995) have built on Polanyi’s definition of tacit and ex-
plicit knowledge by focusing their interest on identifying where in a company
this learning occurs. They believe that new knowledge arises in a company
when people possessing tacit knowledge meet and gain an opportunity to
exchange their experiences with each other, a process they call socialisation.
The tacit knowledge can then be converted into explicit knowledge that can
be assimilated by other people in the organisation. Fischer (1999) developed
ideas about how tacit knowledge becomes explicit knowledge. He believes that
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it is not possible to move directly from tacit knowledge at the individual level
to explicit knowledge at the team level. The knowledge must be changed from
tacit to explicit knowledge before it can be disseminated in the organisation.

Nonaka & Takeuchi (1995) also place considerable emphasis on the proc-
ess needed to convert tacit knowledge into explicit knowledge, and what
makes the knowledge understood throughout the company. The existence
of a dynamic team is regarded as the principal factor in this process. By mix-
ing people with different skills and prior knowledge, tacit knowledge can be
understood and made explicit. Working in a team also results in the explicit
knowledge being disseminated and understood by an increasing number
of people in the organisation. In addition, the interaction that occurs within
the team leads to the creation of new knowledge through the combination of
the various team members’ knowledge. This phenomenon was also noted by
Kjellberg (1996) who believes that target-oriented teams play a decisive role in
determining whether the people in a production system will be able to con-
tribute their knowledge.

Learning organisations are hallmarked by the existence of a new type of
leadership and cross-functional co-operation. The existence of cross-function-
al co-operation in teams throughout the process is the very factor that deter-
mines whether or not the competencies of the team members will be utilised
and thus whether or not learning will occur. Kjellberg defines competency as
a person’s ability to act and to utilise his/her skills and knowledge. To ensure that
members of target-oriented teams will be able to utilise their competency, it is
essential that they be given the scope for making decisions and be subject to
demands that match their knowledge.

Senge (1990) describes five different disciplines that are prerequisites for
the creation of a learning organisation. The fourth discipline — team learning
—is based on a dialogue conducted in teams. Today, almost all training and
development work in companies is conducted in teams. If the collective knowl-
edgerepresented by these teams can be used to enhance the competency of the
entire company, the pace of development will be faster than if each individual
member learns the subject independently up to the same level of knowledge.
For team learning to function, it is therefore essential that a climate be created
within the company that facilitates a free exchange of opinions.

Ellstrom et al. (1996) also emphasise that teamwork is an important arena
for exchanging experiences. They also note that working in teams gives rise to
both positive and negative consequences. The negative consequences include
the existence of conflicting interests and territorial thinking within the team.
An us and them atmosphere could arise between various personnel categories,
thus inhibiting the team’s learning capacity. Ellstrém ef al. also believe that the
team’s composition is a significant factor with respect to the ability to function
as a learning arena. He states that both an excessively homogeneous and an
excessively heterogeneous team composition could have an inhibiting effect.
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If the team is too heterogeneous, destructive conflicts could arise. If the team
is too homogeneous, an excessively uniform way of thinking would arise, as
well as resistance to learning something new. To facilitate the generation of
the positive learning effects that a team is expected to provide, its composition
should reflect considerable differences in the members’ individual competen-
cies, but only small differences in terms of values and interests.

Borgbrant (1987) argues that certain criteria are of key significance if a
project team is to function well, namely participation, good work environ-
ment, rewards for contributions and authority versus responsibility. Hager-
fors (1995) notes that individual members of a team need to feel affinity to the
other team members, to feel security within the team and to respect the other
members if the team is to be effective. Bion (1961) points to the relevance of the
team as a possible development environment for the individual team mem-
bers. He highlights seven factors of key importance to the creation of a healthy
development environment: shared goals, shared values, the ability to accept
new members and to adapt the team accordingly, not permitting subgroups
with their own delineations, freedom for individual team members, an ability
to resolve conflicts within the team and ensuring that the team consists of at
least three members.

Another factor highlighted by both Senge (1990) and Nonaka & Takeuchi
(1995) is the importance of shared goals. If people do not know where they are
headed, it is difficult for them to understand what aspects of operations are
important. Bion (1961) states thatall teams that meet, regardless of the purpose,
have a goal for meeting. He believes that it is this goal that results in the team
co-operating to resolve a task. Ellstrom et al. (1996) also assert the importance
of shared goals in efforts to motivate individuals to learn. They believe that
the goals are often vague and, most importantly, that they often change dur-
ing the course of a project. They also claim that ensuring that the individu-
als in a team participate in the goal-establishment process is at least equally
important. They must be allowed to take part in formulating the goals, and to
reflect on and reformulate the goals that have already been established for the
business operation. Borgbrant (1987) also notes this factor. He believes that it
is essential that team members feel an affinity with the organisation’s goals
and that they be allowed to participate in following up how achievements cor-
respond with the goals set.

Research project

Project description and objectives

Due to the structure that is applied to the execution of construction projects, con-
siderable amounts of information and knowledge are lost. Many aspects of the
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construction process are performed by different actors that have no contact, or
only limited contact, with each other. The players that enter the process at a late
stage have limited opportunities to affect the solutions that have been selected.
This is due, in part, to the difficulty of making changes in one area because
changes also affect other parts of the project and, in part, due to contracts having
been signed for a specific type of project design. The strict division of functions
among different contractors also has an adverse impact on the potential for learn-
ing. Thereis a division between those who work indoors in offices and those who
work outdoors at the construction site. This results in an us and them atmosphere
that inhibits effective co-operation. Such an us and them atmosphere is at least
equally apparent between skilled workers and salaried employees involved in a
construction project. The duties of each category are abundantly clear.

The commercial design and general planning are conducted by personnel
stationed in the permanent office, the detailed development planning and
production control are carried out by the administrative employees involved
in the construction project, while the craftsmen perform physical production
work. Accordingly, several information gaps arise during the production
stage. The ideas that the salaried employees had when they calculated the cost
of production are not always communicated to the craftsmen when they have
to perform their various duties. Often, the craftsmen themselves determine
how various work aspects are to be performed, based on personal experience.
In many cases, the team foreman’s influence on how the work is performed is
equal to that of project management. As a result, the ideas that were conceived
at one stage — whether they were right or wrong — are not used.

A contracting company should actually have anadvantage in terms of learn-
ing because natural project teams are formed on each construction project. In
the construction sector, there is a long tradition of conducting projects using a
team of craftsmen managed by a group of salaried employees. These individu-
alsare on-siteand sharea common goal, namely the construction of abuilding.
As mentioned in the introduction, however, previous research indicates that
this environment does not function as an arena for learning.

In this project, the type of research conducted is mainly that of evaluative
design. The aim of the research is to study the building contractors” working
methods and how teamwork affects the potential for learning. To a certain
extent, the research is also change-oriented, since its purpose is to study what
must be changed in order to effect an improvement in the learning that occurs
within the organisation (Andersson & Borgbrant 1998).

Research methodology

In terms of method, this work may be described as inductive. During the entire
research process, the researcher has sought to find deeper insight into the
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matters that have proven to be of decisive importance to achieving the aims of
the project. A number of assumptions made in previous research are named
in the problem description. No further studies of these assumptions have
been made. The research is based on qualitative analyses of the data collected.
Qualitative analyses were selected because of the nature of research involved
(Jensen 1995). In order to understand the driving forces with the potential to
generate learning, deeper understanding of the individuals involved would
be required. It is very difficult to achieve such understanding in quantitative
studies. Since this research is not based on hypotheses, the researcher does
not know which factors are of importance to answering the research questions
asked at the beginning of the project. Accordingly, a qualitative analysis of
the data collected could result in knowledge that indicates new, unexpected
relationships. In areas considered appropriate, however, quantitative studies
have been used in order to broaden the collection of data.

In qualitative analyses, considerable demands are placed on the researchers
who themselves constitute a significant instrument in analyses of the results.
The individual researcher’s scientific approach, and experience of life, influ-
ence the way the collected data are analysed.

The researcher is employed by the company being studied. This naturally
gives rise to difficulties in terms of the need to maintain distance and objec-
tivity when analysing collected material. It is, of course, difficult to determine
how successfully this has been done. However, the fact that the researcher
has been conscious of this throughout the study hopefully means that this
factor had only a limited effect on the survey’s reliability and validity. The fact
that the researcher is employed by the company under investigation can also
yield favourable effects (Andersson 1979), since being employed can enable
the researcher to make closer contact with the respondents and blend in more
naturally during the execution of the case studies.

Research results and industrial impact

Quantification of results

The study upon which this chapter is based was conducted on two different
construction projects. In addition, a benchmarking study was made of a large
industrial company. With respect to the case studies, the members of project
teams were asked to respond to questions showing their opinions of how well
co-operation within the project and between other projects had functioned.
Although several interesting aspects arose during the study, this chapter fo-
cuses solely on the importance of the team to the potential for learning within
a project and between projects.
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The theory noted in the preceding chapter sheds light on several factors of
significance to the achievement of efficient learning in teams. The factors have
been used as a screen against which the material gained from interviews has
been reflected. A number of factors have been selected for the analysis of col-
lected data —see Fig. 15.2.

In the case study, seven factors were selected as being significant for team
learning, namely: arena for learning, tacit to tacit, combination, high tolerance, scope
for decisions, composition and dialogue (Fig. 15.2).

The potential to convert tacit into explicit knowledge is considered limited.
The types of meetings in which individuals sit down to exchange experiences
and reflect on their importance have not been identified in the case study.
Cross-functional groups including people outside the project also appear to
be unusual. Within the project, there did not appear to be much co-operation
outside the various subgroups.

A number of the seven identified factors warrant additional comment.
The opportunity to combine different types of knowledge exists but would
function much better if cross-functional contacts were established, and if the
membership turnover within the various teams was greater. It is also ques-
tionable whether the teams are actually characterised by high tolerance. To
facilitate learning and exchanges of experiences, the climate should be such
that individuals are not afraid to make mistakes. Construction projects are
often hallmarked by a harsh yet hearty climate. The question is: how does this
affect the individuals” willingness to admit mistakes?

The team’s composition was identified as a positive factor in the case study.
However, several respondents stated that project teams are not usually com-
posed in the same manner as the construction project covered by the case study.
The projects usually have a more homogeneous team composition with mem-
bers who accompany each other from project to project. Dialogue does occur,
but only within an individual subgroup. The occurrence of dialogue with other
subgroups within a project and with other projects is very limited.

Team
Arena for learning
Tacit-tacit
Tacit—expressed
Combination
Cross-functional
High tolerance
Scope for decisions
Composition
Shared goals
Dialogue

Fig. 15.2 Factors affecting team learning.
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The construction sector has a strong tradition of working in projects and of
organising employees in teams that accompany each other from one project
to the next — this applies to both craftsmen and salaried employees. The inter-
viewees were of the opinion that they worked in teams during the construction
project. They believed that a lot of effort was devoted to measures aimed at
enhancingjob satisfaction within the construction project, in order to generate
a feeling of affinity among all the parties involved — meaning both the compa-
ny’s own employees and those of subcontractors. It would be very difficult to
complete a construction project if work was not conducted in teams.

According to the data collected, the employees believed that they worked
wellin a project structure and that this type of teamwork was essential if all of
the duties of a building contractor were to be conducted satisfactorily. In other
words, an arena for learning exists. However, there were several subgroups in
this case study: salaried employees, the team of construction workers, the vari-
ousinstallation subcontractors, project managementand so forth. The transfer
of tacit knowledge seemed to work well in all of the subgroups. Craftsmen apply
an apprenticeship system based on the idea that tacit knowledge is transferred
when the apprentices see how the master performs a task and then try to per-
form the task themselves. Converting tacit knowledge into explicit knowledge
appears to be more difficult.

Conclusions

To a large extent, learning in a construction project takes place at the level of
the individual. Individuals identify various events within a project and then
make their own reflections regarding the importance of these events. A certain
amount of learning also occurs in the subgroups that exist within projects.
When an important issue arises, the matter is discussed within the subgroup,
which results in joint team learning.

The study also indicates that the teams existing in construction projects
contain certain features that are positive with respect to learning. Projects
are autonomous since considerable freedom of action exists within the frame-
work of a project. The construction projects studied involved the production
of a complex product that generated many learning opportunities. Nonaka
& Takeuchi (1995), Bjorkegren (1999) and Ellstrom et al. (1996) all highlight
the significance of a complex learning environment, stating that a sufficiently
stimulating task is a prerequisite for learning. Construction contracts may
be viewed as complex projects that contain a large number of different prob-
lems.

The case study mainly points to three deficiencies in the construction com-
pany’s teamwork. It appears that project teams are kept excessively intact from
one project to the next; there are several subgroups within the projects; and the
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individuals in the subgroups have insufficient contact with other individuals
and with groups outside the project.

Team compositionisaninteresting factor. According to Ellstrom et al. (1996),
thereis arisk that teams that work together too long will become overly homo-
geneous. Such teams conduct all of their work as a matter of routine. He em-
phasises theneed tobring in new impulses to ateam. If a team does not change,
thereis arisk that it will not function as alearning environment. Ellstrém et al.
(1996) and Bion (1961) point to the fact that subgroups with different interests
can develop an us and them atmosphere that can give rise to an adverse impact
on the team’s capacity to function as a good learning environment.
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Chapter 16

Refurbishment of Commercial
Buildings: the Relationship between
the Project and its Context

Asa Engwall

Introduction

In general and at the strategic level, the real estate and construction sector has
the following characteristics: long life cycles; long development cycles; high
uncertainty regarding customer evaluation; and high uncertainty regarding
a specific building in comparison with other buildings. Within this context
are tenants, whose needs change over time and that may not be satisfied by
their existing premises. One response is for owners to refurbish or redevelop
their buildings to discourage tenants from moving to other, more suitable
premises.

At the operational level, the process can be described as an organised col-
lection of specifications — either frozen or fluid — interpreted and codified in
building performance terms within a given procurement method. The many
battles between the main actors — client and building contractor — suggest
contradictions concerning the requirements that abuilding projectis intended
to meet (Fenn et al. 1997). A possible explanation might be that a building’s
performance undergoes change during the contract period; a change of plan
can create a dynamic and continuing activity between an actor and his/her
environment. This implies that the planning base is unstable and project un-
certainty is probably of particular concern.

Research has so far supported the proposition that performance in new
product development processes depends on the organisation’s ability to
perceive uncertainties regarding the external environment (Duncan 1972;
Christensen & Kreiner 1991). However, few studies in the real estate and
construction fields report on how organisations engaged in the construction
process respond to uncertainty. The objectives in this chapter are, therefore,
to examine the conditions within which project work is performed in the con-
struction process. Particular attention is given to problems arising during the
process that affect the relationship between the client and the (main) contrac-
tor and/or the product. The response of project organisations in terms of how
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they handle project uncertainty is of particular interest. A case study, based
on a client’s perspective of the process, is presented. In this case, the clientis a
real estate company that owns, operates and markets offices in a major build-
ing redevelopment.

Theoretical framework

The current practice of dividing the construction process into phases sug-
gests that the process is seen as a logical, planned and disciplined activity.
The procurement method assumes, or makes explicit, certain informational
requirements, especially those of activities and means. This implies that cus-
tomer needs should also be explicitly formulated and stated in plans ahead of
construction. The definition of the management task is therefore believed tobe
nothing more than the operational planning of such needs and interests in the
construction process (Kreiner 1995). The reality is somewhat different. For this
reason, the traditional picture of construction theory has been extended with
reference to theories of new product development, theories of uncertainty and
theories of product assessment. It is believed that this extension provides a
wider perspective for understanding and describing refurbishment processes
in the real estate and construction sector.

A fragmented model of planning and construction

In Sweden, the essential concepts of construction planning and production
stem mainly from the 1960s (Eriksson 1994; Sandstrom 1994). At that time
Tayloristicideas were implemented as tools to serve a rationalised construction
process, with the aim of increasing overall industrial productivity. The model
of planning and production was characterised as a sequential, linear process,
starting with planning and design activities, progressing to production and
ending with the handing over of the completed building for occupation and
periodic maintenance.

The same principal concept was taken to govern the construction process
regardless of whetherit concerned a stable situation, for example, a projectfora
defined customer, or an experimental situation such as testing new technology.
There was a strong pressure to standardise technical, administrative and also
organisational management; for example, standard forms of tender procedure
and emergentjob specialisation. The same process was used even in situations
of a speculative nature (i.e. no defined customer). By the mid 1970s, the value
to the customer of the working environment came to be seen as a necessary
ingredient for success in the planning and design phases (Sandstréom 1994).
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There was a growing understanding of the need to develop customer value
and not to treat planning and production processes as isolated activities.

The utility of this rational building model has been hotly debated. Criti-
cism has focused mainly on the fragmentation among participants; the frag-
mentation of design and construction data; costly design changes; the lack of
life cycle analysis and the lack of communication between actors in the proc-
ess (Evbuomwan & Anumba 1996; Anumba & Evbuomwan 1997; Pietroforte
1997).

New product development

A key issue in product development is how firms actually develop new prod-
ucts. In aliterature review, Brown & Eisenhardt (1995) discern three character-
istic streams of past research in new product development. These are:

(1) product development as a rational plan;
(2) product development as a communication web; and
(3) product development as disciplined and integrated problem solving.

The first discipline favours a rational plan. It emphasises that product success
is the result of good (i.e. careful) implementation of standard activity plans,
significant support from senior management and financial performance anal-
ysis: for instance, product specifications, clear product concepts and market
share. Overall, this stream reflects standard, well-defined operational plans
(procedures or processes), and internal organisation factors as guidelines for
development activity.

The second stream, the communication web, looks at new product develop-
ment as a result of communication among project members, fuelled by exter-
nal stimulation. Overall, this stream examines information and information
exchange and the key actors in product development activities. These theories
suggest that series of information acquisition and the actual use of informa-
tion are key aspects of development activities (Galbraith 1973, 1993; Kreiner
1995; Katz 1997; Nadler & Tushman 1997). Key actors in these activities are
recognised as individuals who bring information into the organisation and
disperse it to fellow team members. Studies that consider the impact of social
interaction oninnovation recognise communication barriers and communica-
tion support as affecting product performance. Acona & Caldwell (1992) show
that teams that have more external communication flow (i.e. teams with a
lobbying and political approach), and teams that have thorough internal com-
munication (i.e. a cocoon-like existence, ignoring the outside world), perform
better than others.
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The third stream, disciplined integrated problem solving, draws attention to
operational performance and decision-making with reference to Japanese
custom, as presented by Nonaka & Takeuchi (1995) and Womack et al. (1990).
The style of product development is described as comprising a cross-func-
tional and relatively autonomous project team, a product vision, powerful
leadership, an iterative prototyping process and high supplier involvement.
The development process itself is described as a rapid cycle of overlapping
activities.

Song & Montoya-Weiss (2001) use a conceptual model based on the rational
plan and the disciplined problem-solving concept. They also identify the ne-
cessity of a political and a resource approach to explain the project outcomes
of product development. Their model specifically recognises that project
performance is strongly affected by the product development process. Project
performance refers to a product’s perceived superiority relative to competitive
products and the level of financial success achieved by the new product. Beside
the technical perspective, Song & Montoya-Weiss (2001) suggest that models
of product development should emerge to include marketing activities and
perspectives of competitive and market intelligence.

The impact of uncertainty

Uncertainty and, specifically, task uncertainty were identified above as one
of the conditions of product development. Past research suggests that there
are various types of perceived uncertainty in the environment; for example
technological uncertainty, consumer uncertainty and resource uncertainty (Duncan
1972; Jauch & Kraft 1986; Song & Montoya-Weiss 2001). Lawrence & Lorsch
(1967) state that the term uncertainty consists of three components:

(1) thelack of clarity of information;
(2) thelong time span of definitive feedback; and
(3) the general uncertainty of causal relationships.

Withregard to construction, Kadefors (1992) and Galbraith (1973, 1993) explain
threekey issues for determining levels of uncertainty: the number of products,
services and customers; the fragmentation of skills; and the level of perform-
ance. Duncan (1972) showed that the complexity of the environment increases
as the number of components increases and as the components become more
unlike each other. In development processes there is also a need to analyse
processes or activities that are interdependent. Such activities need co-ordina-
tion and sharing of information (Thompson 1967).

Christensen & Kreiner (1991) claim that the organisational dilemma is
to understand and to cope with different types of uncertainty. The central
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concern for an organisation, therefore, is to establish an understanding of
conditions for a project and project work. Uncertainty should be understood
asbeing of a dual and coherent nature with reference to the environment, com-
prising the building context and the management of construction operations
for the specific building. Two concepts are therefore established: contextual
uncertainty and operational uncertainty. Christensen & Kreiner (1991) propose
that these types of uncertainty are typically present in construction.

Contextual uncertaintyincludes the environment as a whole that may have an
impact on a specific building. The impact might raise doubts about the result
or the effectiveness of the achievement. In order to analyse the shape or the
forms of contextual uncertainty it is necessary to analyse the building from a
broader perspective: the environment, the customers and the organisation as
awhole. The character of contextual uncertainty can be determined only after
the completion of the project. The issue is to determine what existed within
the environment. The difference between the environment before and after
completion of the project is the definition of the contextual uncertainty for
that project.

Operational uncertainty is defined as every circumstance that may have
an impact on project efficiency; that is, handling the implementation of con-
struction according to a predetermined set of goals. The logical phases of the
construction process mean that project visions are needed to reduce planning
and design uncertainty, and that plans are needed to reduce production un-
certainty. Actions takenin order toreduce managerial operational uncertainty
may have an impact on project achievement. The model sets limits so that the
project may be handled in a realistic manner from the start. The model also
tends to put formal rules ahead of innovative approaches. Models of rational
planning are used to reduce operational management uncertainty. Another
trend is to keep the project on the track of its original plan. This model re-
quires that the project is kept isolated from its environment. The risk of this
isolation is that the project may run into a sidetrack as a result of events in the
environment. The management of operational uncertainty relates to the task
of the project team, which is selected to solve problems and to turn plans into
reality.

Assessing product value

Schuman et al. (1995) offer a framework that can be used to identify explicitly
the objectives and the focus of measurements for product evaluation. They
claim that there are numerous ways of assessing product performance, such
as cost of product processing, patents, external testing and benchmarking.
These instruments of analysis reflect different perspectives such as market-
ing, organisation, design and operations management (Krishnan & Ulrich
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2001). Despite all these testing activities, Schuman et al. (1995) argue that the
customer should determine the best standard value of a product. It is also pre-
sumed that a product that matches the requirements and mirrors the values of
the customer can generate revenues (Schuman et al. 1995; Preece & Male 1997;
Holm 2000).

In general, the objectives of a client in construction are stated quite simply
(Ward et al. 1991). The objectives concentrate mostly on cost, time and quality.
Schuman et al. (1995) recognise that the client may be a company providing
services or products to others. These clients must perform and satisfy their
own customers. In such situations the components of customer satisfaction are
clearly complex. Among the most noted customer satisfaction components are
product capability, utility (fitness), product performance, reliability and ease
of installation and maintenance. Assessment of the consequences of a product
may alsoincludejudgements of cost, timely delivery and service, together with
product attributes. Contributions to health and job creation, and social and
political impacts, may also be identified as customer product values.

In construction, Liu & Walker (1998) argue that the complexities underlying
the evaluation of project outcomes, that are derived from project goals, par-
ticipants” behaviour and the performance of project organisations, need to be
properly understood. Furthermore, Winch et al. (1998) claim that construction
management texts do not mention the customer, yet advocate an orientation
towards delivering customer satisfaction. In his study, Mahmoud-Jouni (2000)
concludes that market offerings in construction mustbecome more strategicin
order to improve product targets. He suggests that construction should con-
sider (1) product offering and/or (2) technical offering, and that work methods
and their relationship must, therefore, be redefined.

The need for a broader perspective

Several writers have recognised uncertainty as one of the dilemmas in the
construction sector (Christensen & Kreiner 1991; Ward et al. 1991; Kadefors
1992; Mahmoud-Jouni 2000). However, few studies in real estate and construc-
tion management report on how organisations in the construction process act
and respond to project uncertainty and its relationship with the environment,
and how the environment might affect project performance. Furthermore,
construction literature often concentrates on procedures, rather than on the
need for providing value for the client or the customer (i.e. tenant in this case).
This approach is recognised by other writers such as Winch et al. (1998), Liu &
Walker (1998) and Holm (2000). Clearly, past research mirrors the fragmented
construction process, another key dilemma within the sector.

Past research tends to analyse and describe the process from the construc-
tor’s viewpoint, while the viewpoint of the client is rarely mentioned. The
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process of new construction is mentioned, but refurbishment is not. The un-
derlying assumption in the literature is that uncertainty is bad for the organi-
sationand that uncertainty in the construction process can be reduced by well-
defined and careful procedures established prior to construction. To match
this rational idea of a construction process is the assumption that tenant needs
are stable, their perceptions of product success are fixed and that, therefore,
it is possible to predetermine needs. This might not be the case. This chapter
therefore seeks to contribute to a more complete and balanced project orienta-
tion, demonstrated in the following case study of a refurbishment project.

The case study of Oxenstiernan
Background

During the period from mid-1998 to the end of 2000, an office building known
as Oxenstiernan, in central Stockholm, was refurbished. The building was
planned and constructed in the early 1960s to serve parts of the Swedish mili-
tary. In the refurbished building, the total provision of rental space was in the
region of 21 000 m?covering 1 000 individual offices, with a total cost for the
refurbishment estimated at SEK 350 million (€39 million) at 2000 prices. An
additional 10 000 m? of rental space in a connected building was also part of
the work.

Method

The research method is essentially a case study concerning the Oxenstiernan
office building. Data were collected through interviews with 32 people con-
nected with the project, and from direct observations and studies of project
documents. The interview scheme represented the client organisation (24
people), the main contractor (4 people) and tenants (4 people). The interviews
were conducted in a semi-structured manner (Robson 1993; Yin 1981, 1993).
Most interviews lasted for one-and-a-half hours, but some lasted up to four
hours. The purpose of the interviews was to understand people’s perceptions
of the project outcome (product achievement) and its correlation with the
refurbishment work. Since the intention of the study is to provide an under-
standing of causes and effects in one single case, data for statistical analysis
are not presented.

The case study was conducted over a two-year period. This allowed issues
to be studied as they arose during production and their connections with
planning and design activities, as well as following up project achievements
in maintenance and tenant post-occupancy evaluations. Direct observations
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were performed as walking tours of the construction site and in tenants” of-
fices. The main reason for this was to move from talking about issues to see-
ing actual outcomes. It was also an opportunity to validate oral statements.
Studies of planning documents, drawings and minutes from project meetings
were undertaken. These documents typically dealt with financial issues or in-
tended outputs. In general, there was a lack of information on the background
to decisions and of discussions on alternative approaches.

The findings were validated in two ways; first, by observed patterns made
by Anheim (2001) who studied the same project from the contractor’s perspec-
tive; and second, in discussions with co-workers from the client firm and the
(main) contractor firm at a workshop in autumn 2000.

The client perspective

In general, the objectives of the client can be stated in terms of cost, time and
performance. Objectives can also take on marketing and technical perspec-
tives. Marketing proficiency includes activities such as evaluating customers
and competitors, determining market trends and market research. Techni-
cal proficiency comprises activities that entail production and engineering
evaluations, determining product specifications and construction of the final
product.

Technical proficiency

Apart from a technical specification to support a modern office environment,
another objective was in line with the real estate owner’s motivation of achiev-
ing consistency between the internal and external metaphor of the office
building. This was for IT (information technology) enhanced offices in which
building and facilities management were performed properly. Consequently,
the tender for the refurbishment project required the contractor to make ar-
rangements for the use of IT, as well as setting up a client-server network dur-
ing the on-site production.

The ratio between net lettable area and gross floor area was 0.67. The esti-
mated cost of SEK 292 million (€32 million), at 1997 prices, for refurbishment
work compared with revenue was considered to be high in this project. The
original plans show offices with a modern form of linoleum flooring, prefera-
bly for an open and flexible arrangement of space, with a few individual offices.
Services included toilets with a form of plastic flooring and kitchenettes (i.e. a
simple kitchen with no cooking facility), as standard for this kind of project.

Originally, on-site production was scheduled to last for 18 months from
August 1996, but needed rescheduling several times as the issue of the build-
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ing permit was delayed because of appeals to courtand the EU. A decision was
made in April 1997 that would have allowed construction to start in July 1997
and enabled tenants to move in from May 1998. However, the building permit
had not been issued. Demolition work was allowed to start and eventually, in
the spring of 1998, work began on-site. The cost of the building permit delay
was estimated at SEK 85 million (€9.4 million) in total at 1997 prices.

The project was based on a traditional contract with a main contractor who
had to co-ordinate all the actors in the project and interfaces between the dif-
ferent building systems. That said, the client handled planning and design, as
well as the operation of the building.

On-site production work was divided into two parts. The first part covered
the entrance areas and communication systems, the structural frame and
HVAC. The second part covered the customisation of each office. Realisation
of the design was the subject of 26 separate contracts, and the completed refur-
bishment was estimated to be SEK 350 million (€39 million) at 2000 prices. Out
of the SEK 58 million (€6.4 million) excess, SEK 10 million (€1.1 million) was
the result of further taxation. Increasing the building’s performance resulted
in additional costs of SEK 12.2 million (€1.35 million); further customisation
of offices added costs of SEK 21.4 million (€2.37 million); and eventually SEK
14.4 million (€1.55 million) was added as a consequence of market inflation.
The result of increasing the building’s performance was an increase of close to
2% in the project’s return.

Marketing proficiency

Before refurbishment started in 1998 the office building was regarded as an
unpleasant ghost-house. It was felt that the refurbishment would serve as a
prominent example project within the client organisation and therefore stand
asa good reference for the organisation’s reputation for competence. Through-
out project planning, design and production, changes were made successively
to improve the performance of the building. A shift in the commercial market
became part of the project vision. This vision was essentially a reaction to a
significant and growing interest in the financial district located 10 minutes
walk from the building.

The refurbishment cost was equivalent to one third of the annual invest-
ment budget of the client. The project, therefore, represented financial as
well as symbolic values. Of major concern to the client were the entrance of
the building, the physical environment and the building permit. During the
planning and design phases, the building was found to be four storeys too
high according to building regulations. The building originally lacked an
entrance, being connected to another building for reasons of military secu-
rity. Now tenants’ and visitors’ perceptions of the entrance became important
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considerations. The aesthetical treatmentalso affected part of alarger entrance
refurbishment of the total existing building, amounting to some 180 000 m?.

Between 1996 and 1997 ideas were presented in order to test the market
for IT-enhanced offices. At that time there was only one office building in
Stockholm that had been linked to the emergent e-economy. Exactly what
was needed in terms of a building or buildings to support the e-economy was
initially unclear. Finally, a decision was made on an IT marketing profile for
the building.

The military moved out during 1996, and a first programme for refurbish-
ment was proposed during 1995. At that time the client tried, unsuccessfully,
to reach agreement with a large Swedish company that could fill the whole
of the building. One tenant of 2 600 m?had agreed on rental terms after the
refurbishment, but no other agreements had been reached. It was assumed
that suitable tenants for the office building would be in the business range of
privately-owned, knowledge-creating firms and others with an interest in the
business of education. A minimum rental space of 200 m*was set and the ap-
propriate number of tenants was estimated as 17. At the start of construction
therefore, 16 more tenants were needed. A time delivery of three months per
8000 m?of floor area was scheduled for customisation (i.e. tenants’ fitting-out
works) in order to meet particular business needs.

At the beginning of 1997, the real estate owner concluded that the tenant
market for commercial buildings in Stockholm city was starting to look
economically promising. Vacancies in the connected office building were ap-
proximately 2%. Revenues were rising and this was regarded as a promising
trend. Market analysis was performed continuously as a standard activity, but
these were not incorporated in decision-making notes.

Marketing activities conducted during the autumn of 1997 included the
fitting-out of showrooms, provision of a website on the internet, advertising
in newspapers, and direct contacts with prospective tenants. In the spring of
1998, telephone marketing and visits to possible customers supported these
activities. In that year the marketing prospectus focused on (1) IT facilities,
(2) high standards of building performance, and (3) tenant freedom in the
detailed planning and design of offices. By June 1998, 28 firms were regarded
as prospective tenants, but no agreement was reached with any of them.

Eventually the firstrental agreement was concluded, in December 1998. The
importance of this tenant in bringing life to the entrance area was recognised,
as the tenant had many business visitors. This would have a positive effect
in giving the large entrance area a lively profile. At this time, an internal cus-
tomer (i.e. a division of the real estate owner) also entered into a contract. This
was regarded as extremely important for marketing purposes. This second
contract was negotiated in March 1999, followed by 10 contracts during the
remainder of the year; the rental of the last office was agreed in June 2000. The
total number of tenants was 14 (15 if the internal contract is included).



Refurbishment of Commercial Buildings 205

The tenants’ objectives for their choice of offices can be described as fol-
lows.

* Freedom in planning and designing offices.

¢ Good value for money.

¢ Political choice for business exposure.

* Fastand timely delivery of office space.

e Perceived collaborative behaviour of the real estate owner (client).

Inaddition to thislist of requirements, tenants said that their working environ-
ment was perceived as essential to business as well as offering a competitive
advantage when hiring new employees. Tenants also felt that the environment
should support their business operations as well as employee performance at
work. Furthermore, tenants felt that friendly and collaborative behaviour on
the part of the real estate owner supported the process of selecting their future
office location.

Communication within the project

One objective of the construction process at Oxenstiernan was to achieve an
improved flow of information. This was regarded as a continuous process
from planning to on-site works and then on to an administrative service for
dealing with future needs in upgrading and the redesign of offices. An inte-
grated project database for all project participants was set up. The overall aim
was to reduce lead-time from printing activities (i.e. minutes from different
meetings) and the transfer of production drawings between the design office
and the site.

After six months of on-site work it was noticed that there was a need for
more integrated collaboration in the project. The contractor had to adapt his
methods, so that the speed of information transfer, as well as flows between the
salesperson, construction project manager and client project manager, could
be increased. These three disciplines formed an integrated, working team six
months after on-site work began.

The effect of client/tenant objectives and operations in construction

Construction and marketing activities were prolonged for one year beyond
the original plan of 18 months. The project prolongation was not considered a
problem in the client/contractor relationship. Instead, conflict arose over the
process itself.
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The contract stated that two offices could be refurbished simultaneously.
Nevertheless, because of the locations of the first two tenants, refurbishment
work had to be conducted on the top floor and at the entrance level. There was
no written agreement on how tenants’ fitting-out work should be followed.
According to oral statements by the two original project managers (the client’s
and the contractor’s) a top-down approach was assumed to be reasonable for
operational purposes.

The impact on the production operations was twofold. First, the construc-
tion elevator, intended to support materials transportation for the building,
had to be removed ahead of time. Second, materials that had to be changed
or added (in response to tenants’ fitting-out requirements) had to be carried
physically by operatives. This affected the logistics of production, as there
were continual changes to the offices” design. Progress of the work overall
was delayed because the contractor felt that the logistics and materials hand-
ling arrangements were inefficient. Also, from the beginning of the project,
the contractor felt that clarifications to shop drawings were late in arriving.
Additionally, the contractor reported a number of unplanned stops and starts
during construction, affecting the whole office building. For instance, plans al-
lowed for a certain number of toilets in the building and type of floor covering
to the offices. A change in the number of toilets and floor covering necessitated
additional work and/or re-work. It was felt that decisions on these changes
were late and difficult to obtain.

Toilets and office flooring were specified in the main part of the contract,
meaning that these works should be completed before fitting-out works began.
Later on, tenants’ requirements were the subject of change orders. These types
of changes were recognised as having a negative effect on the logistical and
material flows for the works as a whole.

The contractor claimed that the ideal approach to the works would be
top-down: first, the structural frame and core of the building, then services
installations. After completion of these elements, fitting-out of offices would
similarly adopt a top-down approach. The contractor considered that such a
strategy would benefit from repetitive work. This approach was considered to
represent effective construction management. Consequently, the contractor
regarded the marketing approach as an inefficient project.

Findings

Real estate management tends, to a large extent, to concentrate on physical
building conditions and functions in determining project performance. One
reason for this could be financial interest in making projects more profitable.
In this case study, business actions in refurbishment involve strategic and
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political objectives as well as those of a more operational nature (Mahmoud-
Jouni 2000).

Often missing from portrayals of the construction process is the iterative
nature of pre-design and redesign in response to customer needs. Moreover,
planning and production processes, in terms of the link between contextual
uncertainties and their effect on operational uncertainties, are seldom re-
ported for refurbishment projects.

The Oxenstiernan project started in a traditional fashion. Along the way
the product style required for the offices changed. The client decided to up-
grade the offices from normal standards to what was perceived to be the prod-
uct requirement among tenants. This change might partly be explained as
project uncertainty due to information imperfections in tenants’ preferences.
This affected project performance, that in turn had an impact on production
operations. The empirical findings strongly support the idea of contextual
uncertainty and its relation to uncertainties in operational management in
construction (Christensen & Kreiner 1991).

It has also been seen how the project environment (i.e. the tenant) affected
the works. This might imply a poor briefing process. However, it is also likely
that changes in plans might be the consequence of learning by doing in refur-
bishment practice, suggesting that the information content of the project (de-
scribed as marketing proficiency) and its effects upon production operations
management for building works increase with project time. This means that
project strategy emerges as the response to a specific project environment. By
increasing project flexibility the real estate owner chose to reduce project con-
textual uncertainty. This behaviour also reduced operational predictability
and as aresultincreased operational uncertainty in production operations. At
a time when operations management expected to reduce operational uncer-
tainty, it had to handle a situation of increased uncertainty. The result of these
interdependent activities became visible as unexpected strategies.

Finally, with the broader perspective described in this case, it could be
seen that contextual uncertainty and operational uncertainty exist both from
the viewpoint of the client and the contractor. For instance, from the client’s
viewpoint there is (contextual) uncertainty in the market for offices, including
competition for office space. Operational issues, such as finding a competent
contractor and the timely delivery of completed offices, are matters of opera-
tional uncertainty from the client’s perspective. The operational uncertainty of
the contractor is typically recognised as production operations. Examples of
contextual uncertainty from the contractor’s viewpoint can be recognised as
project changes and unexpected technical problems.
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Discussion and conclusions

This chapter has examined the conditions of project work in the context of the
refurbishment of a building. A study has been carried out from the viewpoint
of the owner. The theoretical framework consists of theories of new product
development, theories of uncertainty and theories of product assessment. The
primary obstacles to greater efficiency in the sector are uncertainty and the
institutionalised, fragmented and sequential construction process. Product
assessment of project outcomes is considered narrowly in terms of project
costs and project time.

This chapter highlights three emergent factors addressing shifts within the
real estate and the construction sector. First, there is a shift in the construction
process. The traditional perspective of the process assumes that information
in a project flows linearly. The idea is that you plan for certain conditions (i.e.
what planners refer to as what can be expected). The idea is then transferred to
standard operating procedures in production terms. This is reflective of a pas-
sive work pattern. An active pattern would see continuous actions being taken
to develop the full potential of a product. This pattern requires everyone in
planning and construction operations to interpret environmental changes to
adapt the variables of the new product. The passive model, that has been long
used in planning and production processes, may benefit from the new prod-
uct development stream which provides process alternatives, based on active
participants and balance between the working organisation and the usability
of different production styles.

The second factor involves a shift to identifying competitive advantage. Keeping
a construction project on the right business track means matching environ-
ment changes. Addressing the relationship between process tasks in produc-
tion and product targeting involves strategies of:

* identifying customers and offerings;
¢ identifying product advantages; and
* adapting and developing construction process strategy.

Thevisible attributes that demand a shiftin the planning and production proc-
esses are identified as increased construction costs, decreasing productivity
ratio and client/contractor conflicts. Other attributes can be seen as results of
failures in product targeting and of communication failure. This leads to an
emergent awareness of the third factor, which is project outcome and organisation
perspective. Different viewpoints in a project may appear paradoxical in terms
of product assessment. Project outcomes can be considered as effective (i.e.
the number of tenant contracts) and, at the same time, inefficient (i.e. opera-
tions on-site). This suggests that there is a need to analyse the conditions from
an organisational perspective as a response to project uncertainty. This may
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demonstrate that process conflicts are an interdependent activity between the
client and the building contractor.
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Chapter 17

Improving Project Efficiency through
Process Transparency in Management
Information Systems

Christian Lindfors

Introduction

The construction sector is experiencing large and radical changes forced upon
itby external influences, as well as from developments within the sector itself.
Examples of external influences are changing social patterns, international-
isation, growing environmental awareness, the rapid development of the IT
sector, increasing international competition and more knowledgeable and
demanding customers. The need for organisations to adapt to this new set of
circumstances is evident as companies face increased competition, while at
the same time having to find innovative solutions and increase their customer
focus.

One way of adapting, and the one explored in this chapter, is organisa-
tional process-orientation. Process-oriented organisations are resource- and
time-efficient, and agile to the point that they are able to respond to customer
demands and expectations. Instead of having activities aligned according to
functions, these organisations are aligned along value chains* of products or
product families.

The concept of process-orientation addresses several areas of improvement
and is considered to be a useful way of improving efficiency in both projects
and organisations. The question of whether or nota process-orientation affects
the organisation in a positive manner is still to be explored. The hypothesis is
that improved process quality in management information systems will im-
prove project performance with regard to system quality, information quality,
process quality, system use, user satisfaction and individual performance. The
answer to the question is of strategic importance to the construction sector and
its clients in the context of improving overall performance in the sector.

*A firm’s value chain is a collection of activities that are performed to design, produce,
market, deliver and support its products (Porter 1985).
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This chapter highlights the importance of process-orientation within the
house-building sector. A state-of-the-art review explores the concept of proc-
ess-orientation and the different categories of research being conducted in the
subject area, including that of the author. The influence of management infor-
mation systems in achieving project success receives particular attention.

State-of-the-art review

In construction, the concept of value chain management is relatively new: in
manufacturing, it is an imperative. Individual actors in the construction proc-
ess claim to have adopted a value-adding approach to their management of
the supply chain, but there are too few to make a meaningful overall improve-
ment. The construction sector lacks this holistic perspective and the co-ordi-
nation needed to improve what we might term the product value chain.

Process-orientation

Process-orientation of a business can be explained by a change of focus, i.e.
adapting a process view of the organisation instead of a functional view. Dav-
enport (1993) says:

‘a process-orientation to a business involves elements of structure, focus,
measurement, ownership, and customers.’

Applying this new perspective to the organisation decreases difficult func-
tional handovers and improves co-ordination capabilities along the product
value chain. This implies that an organisation’s different workflows and proc-
esses are identified and modelled. The working definition in this chapter is:

‘A process is a collection of activities that takes one or more kinds of
input and creates an output that is of value to the customer’. (Hammer
& Champy 1993)

A focus on processes, or collections of tasks and activities, that together trans-
form inputs to outputs, allows organisations to view and manage materials,
information, and people in a more integrated way (Garvin 1998). Systemati-
cally identifying processes within a project organisation and particularly the
interaction between them is therefore essential. The central characteristic of a
process is that it is a repetitive standardised flow, i.e. it is performed multiple
times. Mapping processes makes the dependencies between activities clearer,
laying a foundation for organisational development and strategic manage-
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Table 17.1 Definitions of approaches performing organisational development with a process

focus.

TQM

BPR

Supply chain ‘An integrated philosophy to manage the total flow in a supply chain from
management supplier to end customer.’ (Paulson et al. 2000)

Learning ‘An organisation skilled at creating, acquiring and transferring knowledge,
organisation and at modifying its behaviour to reflect new knowledge and insights.” (Garvin

Lean production ‘Lean production is “lean” because it uses less of everything compared to

‘A process which ensures maximum effectiveness and efficiency within a
business and secures commercial leadership by putting in place processes
and systems which will promote excellence, prevent errors and ensure that
every aspect of business is aligned to customer needs and advancement of
business goals without duplication or waste of effort.” (Pike & Barnes 1993)

‘A fundamental rethinking and radical design of business processes to
achieve improvements in critical, contemporary measures of performance,
such as cost, quality, service, and speed.” (Hammer & Champy 1993)

1993)

mass production — half the human effort in the factory, half the manufacturing
space, half the investment in tools, half the engineering hours to develop a
new product in half the time. Also, it requires keeping far less than half the
needed inventory on site, results in many fewer defects, and produces a
greater and ever growing variety of products.” (Womack et al. 1990)

ment decisions. Process-orientation, then, deals with designing and improv-
ing the standardised flow, which also makes it easier to measure (Nilsson
1998). Included in the broad concept of process-orientation are a number of
different approaches that adopt a process perspective on organisational de-
velopment —see Table 17.1.

The ISO 9000: 1994 standard was developed as a system aimed at support-
ing the achievement of total quality in organisational development. The first
version of the standard, however, had the weakness that, if a poor quality prod-
uct or service was delivered, the standard would see that it was delivered well.
In the new and improved 2000 version of ISO 9000, eight quality management
principles have been identified to form the basis of the quality management
system standards within the ISO 9000 family. These are:

e customer focus;

¢ leadership;

¢ involvement and commitment of people;
® process approach;

* system approach to management;

* continual improvement;
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¢ factual approach to decision-making; and
¢ mutually beneficial supplier relationships.

Top management can use these principles in order to lead the organisation
towards improved performance.

The following sections explain the eight principles of quality management
in more detail, and use literature from the above mentioned approaches to
explain the key issues. One can begin to understand the key issues needed to
create a professional process-oriented champion, by using the best examples
from the various fields/approaches — see Table 17.2.

Customer focus

Organisations depend more and more on their customers, and therefore
should understand present and future customer needs. They should also meet
customer requirements and strive to exceed expectations. Processes are the
structure by which an organisation does what is necessary to produce value
for its customers. Table 17.2 recognises the absolute concordance between the
differentapproaches when it comes to customers. The importance of processes
in that they all start with the needs of the customer makes customer satisfac-
tion animportant measure to follow. By analysing the process from a customer
perspective, the internal ability to increase customer value will be enhanced.
Setting the goal of fulfilling customer demands and needs for the lowest price
through continual improvement in which everyone is involved will go some
way towards satisfying customers (Bergman & Klefsjo 1995).

Leadership

Leaders create acommon vision that can unify an organisation by establishing
unity of purpose and direction. Without direction, an organisation can pull
itself apart. The root cause of many problems plaguing organisations is the
missing commitment of their leaders (Drucker 1988). Leadership is becoming
more important at a time when information is overflowing in the workplace
and transparency islacking. A crucial task for leaders is, therefore, to form and
motivate the internal environment in which people can become fully involved
and motivated towards achieving thecommon goals of the organisation—toact
more as a coach than a figure of authority. This makes it essential to form clear
strategies and processes, and be able to understand how to transform visions
into goals. By drawing attention to processes, the focus is transferred from the
finished result to the activities forming them. Since processes create the result,
they are also the first things that have to be controlled and developed.
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Involvement and commitment of people

Without people all organisations are little more than a name and some fixed
assets. People are the heart and soul of an organisation and their full involve-
ment, at all levels, enables organisations to benefit from the fruits of their com-
mitment. Gaining the commitment of the people who work in the process and
the managers who oversee them is paramount. Thus, people at all levels in
the organisation must be stimulated to master the ability to perform effective
teamwork, form valuable relationships with suppliers and customers, critical-
ly reflect on their own organisational practices and then change as required.
Change in this context means reflecting critically on their own behaviour,
identifying their work processes and then changing how they act.

Process approach

A process approach places a relatively strong emphasis on improving how
work is done, in contrast to a product- or service-focused delivery, which
places most of its energy on improving the product or the service. Adopting a
process view of the organisation is a key aspect of process-orientation. In this
respect, a process approach starts with the identification of processes, i.e. map-
ping activities and their interrelated dependencies. A process map canbe seen
as a blueprint for action and is the foundation for development and improve-
ment-related work, leading to new or improved working methods. The results
are often shorter cycle times, better quality, faster results and fewer defects.
This structural element of processes is key to achieving the benefits of process-
orientation. By making the organisation transparent, deviations and problems
are exposed. From these results, processes can be changed, improved and
redesigned to eliminate causes leading to deviations.

System approach to management

Managing interrelated processes as a system creates a holistic view and con-
tributes to the organisation’s effectiveness and efficiency in achieving its goals.
With this new perspective, managers can optimise the organisation from a
holistic perspective and focus on broad, inclusive processes. Identifying the
activities forming the organisation, and the resources needed, makes it easier
to improve the overall performance of the organisation. This leaves room for
reflection and analysis, time to think about strategic planning, dissection of
customer needs, assessment of current work systems, and inventing new
products. Another powerful level is to open up boundaries and stimulate the
exchange of ideas. Boundaries inhibit the flow of information: they keep indi-
viduals and groups isolated and reinforce preconceptions. Work integration
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and co-ordination is highly pertinent to organisational success when trying to
achieve a common goal and an interpretable strategy.

Continual improvement

A process-orientation encourages organisations to strive continuously to
fulfil customer demands and needs for the lowest price through initiatives
aimed at improvement in which everyone is involved (Bergman & Klefsjo
1995). There are many different process approaches, each involving a differ-
ent procedure for improving the process (see Table 17.3). Continual improve-
ment through regular self-assessment, real quality and customer satisfaction
can be achieved. An approach to handling regular improvements has to be
anchored within the organisation and should include structure, routines,
tools and methods. Continual improvement and a commitment to learn-
ing should be firmly defined goals within any organisation. The implied
identification and close monitoring of these processes would enable the
organisation to take corrective and preventive action to eliminate discord
and prevent recurrence. Corrective actions take the form of analyses and
evaluations of process discordance following process measurement, or-
ganisational audits and customer complaints. Preventive actions take the
form of extensive analysis of external and internal data and information to
prevent surprises and eliminate risk. Most of these kinds of improvement
can be handled in prioritised R&D projects to guarantee financial support
for corrective measures.

Factual decision-making

Transparent and clearly structured processes are open to measurement in a
variety of ways. Such processes can be measured in terms of the time and cost
required for their execution. Analysis of data and information should form the
basis for all factual decisions and include data collected as a result of monitor-
ing and measurement from all relevant sources. Decisions should be made as
close to the source as possible to decrease response times; for example, dele-
gating decision-making responsibilities from the increased use and sophis-
tication of decision support tools. The organisation shall decide, collect and
analyse appropriate data to demonstrate their suitability and effectiveness
and to evaluate where continual improvement is best suited. The analysis of
data should provide information relating to customer satisfaction, conformity
to product requirement, characteristics and trends in processes and product,
including opportunities for preventive action, and suppliers.
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Mutually beneficial supplier relationships

An organisation and its suppliers are mutually dependent and a mutually
beneficial relationship enhances the ability to improve products and proc-
esses, as well as create value for both parties. Collaborative approaches are
therefore a natural way of handling supplier relationships. Doing so increases
the organisation’s ability to achieve a culture of continual improvement and
the ability to co-ordinate inter-organisational processes, as well as raising
process and product quality.

Management information systems

Process-orientation initiatives have tended to be supported by paper-based
process models and routines, describing the dos and don'ts. Progressive com-
puterisation of processes has increased the flow of information, but not neces-
sarily improved efficiency and cost-effectiveness. Even so, computerisation is
an essential component for improving flow efficiency in a chain (Paulson et al.
2000). By using management information systems as an implementation vehi-
cle, organisations can integrate process work into routine daily work naturally
and cope with more information. Moreover, the internet can be used as an
interface for the development of management information systems across the
whole value chain. Understanding and identifying those factors that contrib-
ute to management information system success is therefore a necessity when
speaking of evaluating such an initiative.

DeLone & McLean (1992) introduce a descriptive taxonomy of dependent
variables to measure information system success. The information system
success model — see Fig. 17.1 — consists of six interdependent constructs (in-
formation quality, system quality, use, user satisfaction, individual impact
and organisational impact), that is an attempt to reflect the process nature of
information system success.

Information
quality System use
] Individual Organisational
G impact impact
System User
quality satisfaction

Fig. 171 The six main factors of the information system success model (DeLone &
McLean 1992).
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Process-orientation vs. management information system success

Two different factors share a major role in improving project performance. In-
formation is not data in a process-orientation, but a structured way of describ-
ing informational needs of managers. Process initiatives have a significant
impact on improving project understanding, but are merely descriptions of
projects. Identifying processes and then instantiating them in everyday work
provides therefore one means of improving work efficiency. Information tech-
nology is considered to be an excellent enabler, although not a driving force
for implementation.

A value chain contains both the physical flows and the information flows.
By using this definition, one can infer that the information flow affects the
physical flow in a direct way. As an example, an incomplete, sporadic and
tardy information flow creates the need for large safety storage in the differ-
ent phases of the chain, while a complete, frequent and current information
flow creates opportunities for lowering storage levels (i.e. inventory). Thus, the
main function of the information flow is to administer the physical flow and
make it efficient (Paulson et al. 2000).

APQC (American Productivity and Quality Center) suggests that an
integrated, holistic and systematic approach will be essential to organisa-
tions in the future. Quality will be used as it was initially intended — as an
integral part of the business management philosophy and organisational
fabric (Cates ef al. 2000). According to Gilchrist & Kibby (2000), major en-
terprises are looking for greater business effectiveness through improved
information access; or efficiencies in information retrieval, which free time
for more productive activities. One of the answers to information overload
might be a corporate taxonomy providing a knowledge map for information
and communication channels and a roadmap of the intellectual capital of
the company.

Creating a stable corporate intranet with a dynamic interface to a project
management information system would enable the user to gain an under-
standing of available information and the means for accessing it. To develop
a system that integrates the whole chain, and that uses a process perspec-
tive, would imply a completely new way of thinking and pose a number
of questions concerning implementation. By combining the information
success model with factors of process quality (measures of the information
management process), expectations of unravelling the impact of process-
orientation on management information system success would seem rightly
optimistic.
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Research project
Project description and objectives

The aim of the project is to evaluate today’s house-building process from an
information management perspective and, together with the sector, produce
and establish a coherent process model* Based on this, advantages gained
from the introduction of a transparent business process coupled with a newly
developed project management system (or management information system)
will be assessed. The result will lead to a greater understanding of how to im-
prove project performance by successful management information systems,
and how to manage projects better, cheaper and faster in the future.

Research methodology

The research aim is to evaluate the impact of process quality on the success of
management information systems. The research process follows an explora-
tory approach. A process model was derived from empirical data captured in
interviews, a case study and questionnaire surveys. After evaluating proc-
ess-modelling alternatives, a model was produced using the IDEFO method
(Karhu 2000; Malmstrom et al. 1998). Based on the process model, a process-
oriented management information system hasbeen developed that represents
activities, workflows, documentation, information, communication and par-
ticipation.

To understand the factors that are typical for process quality, an extensive
literature study was undertaken. Among the different approaches, a matrix
was created, listing the main variables of process quality. As a result of the
literature study, a framework was created to test the hypothesis:

‘improved process quality in management information systems will
improve project performance with regard to system quality, informa-
tion quality, process quality, system use, user satisfaction and individual
performance.

The framework draws upon the model used by DeLone & McLean (1992) in
evaluating information system success (see Fig. 17.2), adding six variables of
process quality to test the influence of process-orientation on project perform-
ance with management information systems.

*NCC Housing’s Total Package Concept stands as amodel of how it is performed today.
The Total Package Concept is NCC Housing’s name for development/construction
promises covering the process from the project idea to customer support.
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Info;mation
quality System use

Process Individual Project
quality pia N impact impact
User

System satisfaction
quality

Fig. 17.2 Theresearchhypothesistobetested (augmentedfromDelLone & McLean’s
(1992) information system success model).

A questionnaire-based survey has been adopted to test the complex rela-
tionship between the different underlying measures of the hypothesis. The
survey is intended to measure attitudes of project managers (i.e. for the pur-
pose of homogeneity) using the newly developed management information
system. For studies of attitude patterns or explorative theories of attitudes, the
Likert procedure is considered relevant (Oppenheim 1966).

The following statement is an example drawn from the questionnaire sur-
vey: I find the access capabilities of the management information system to be conven-
ient. Responses are graded with a seven-item Likert-scale, rating the responses
from strongly agree to strongly disagree. All questions are very direct, making
them more uniform and the results more reliable. The results of the question-
naire survey will be statistically analysed and an improved model will be
presented. The methodology adopted for the research has been exploratory at
the early stages and then has used attitudinal research to gain deeper under-
standing. The method adopted has been, therefore, the generation of theory
by interpretative case studies, surveys and interviews within a construction
organisation, and then the use of a comprehensive questionnaire to find an-
swers to the underlying research questions.

Conclusions

This chapter’s scope shows that the use of an accurate representation of the
project process, with the help of a management information system, will help
to improve its performance significantly. A process-orientation approach is
presented as a solution for improving project efficiency. Using the six variables
of process quality, it is possible to test the principal hy pothesis in the research.
Measuring the attitudes of a homogeneous group increases confidence in the
ability to improve understanding of management information system success
factors.
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One of the main prerequisites for any substantial improvement within an
organisation is to understand the bigger picture. Focusing on the details might
well cause problems somewhere else in the organisation. The use of manage-
ment information systems as an implementation vehicle for process-orienta-
tion initiatives is also crucial when trying to handle enormous amounts of
information. However, without the tool it would have been almost impossible
to structure all the information.

Thoughts about future research could be expressed in the simple question:
how do we organise to produce the best possible results in the future and what measures
do we have to take to realise them? Analysing the results from the intended ques-
tionnaire survey provides a good foundation for future study. The next step in
the research will be to use the result and extend it to the whole organisation.
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Chapter 18

Improvement Processes in
Construction Companies

Peter Samuelsson

Introduction

Construction has one of the worst public images among the industrial sectors
(Santos et al. 2000). Nevertheless, this poor image should be an effective moti-
vator for improvement. Competition between construction companies should
be another motivator, considering increased internationalisation. A third mo-
tivator for a focus on improvement in construction companies is the new ISO
9000:2000 standard, that requires greater effort in bringing about continual
improvement than its predecessor from 1994. Hence, to create and uphold
improvement processes in a business is crucial; primarily to survive as a suc-
cessful company in a growing and changing environment, but also to create
an image of a best practice company with certificates as proof. An approach to
management that exhorts every employee continually to improve everything
that he or she does in the interest of customers is required (Tam et al. 2000).

Companies generally within the construction sector do not have a reputa-
tion for being oriented towards TQM (total quality management) values such
as continual improvement. Some still struggle with the concepts, avoiding the
use of available tools and techniques, and in so doing deprive themselves of the
opportunity to improve their performance (Gieskes & Broeke 2000). Further-
more, projects are usually temporary alliances of autonomous partners, that
may imply that participants are partners and in a state of constant competition
at the same time (Gieskes & Broeke 2000). Short-term benefits are almost mini-
mal and the strategic component in decision-making is often absent (Gieskes
& Broeke 2000; Love et al. 2000).

Sommerville (1994) suggests five broad subheadings for the resistance
forces specific to the construction sector’s adoption of TQM:

(1) product diversity;

(2) organisational stability;
(3) holonic networks and change;
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(4) contractual relationships; and
(5) teamwork and management behaviour.

Establishing processes for continual improvement in construction organisa-
tions is apparently not easy, yet authors report that it is possible (Sommerville
& Robertson 2000; Gieskes & Broeke 2000; Orwig & Brennan 2000). Love et al.
(2000) suggest that construction organisations must re-think their approaches
to TQM in order to learn and change simultaneously. In this context continual
improvement (CI) is vital.

The purpose of this chapter is to identify key aspects of the improvement
process within construction companies, with respect to the concept of contin-
ual improvement. The concept of Cl is outlined together with elements in the
field of its deployment. Using a state-of-the-art review of current knowledge as
thebackground, real lifeimprovement processes in the construction company
Skanska Sweden, a business unit within the Skanska Group, are analysed.
It is argued that CI involves organisation-specific behavioural routines that
are built up over time, and formalised operating procedures. The analysis ex-
tends beyond the formalised procedures in the case study company to include
consideration of how procedures are deployed and how behavioural patterns
generate improvements.

State-of-the-art review

The TQM philosophy

Improvement of performance is central in the philosophy of TQM, but also
in other schools of management thinking such as JIT and BPR (Bond 1999).
TQM is considered to be a management paradigm capable of facilitating the
attainment of organisation-wide quality awareness and continual improve-
ment (Ghobadian & Gallear 1997). Since the 1980s, TQM has developed into
an established philosophy for improving business performance at all levels
(McAdam 2000; Hellsten & Klefsjo 2000). Laszlo (1999) concludes that

‘TQM is the thirst for improvement that goes beyond the focus on doing
things right and embraces looking for ways of doing things better”.

With respect to the above, TQM is considered to be an appropriate philosophy
to start from when studying current knowledge relevant to the improvement
process of a construction company. Hellsten & Klefsj6 (2000) define TQM as a
management system consisting of three independent, but supportive, compo-
nents: core values, techniques and tools (Fig. 18.1).
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Aim:

c To increase external
ore ; and internal customer
> Values >> Techn|ques>> Tools > satisfaction with a

reduced amount of
resources

Fig. 18.1 Role of core values, techniques and tools (adapted from Hellsten & Klefsjo
2000).

This simplifies the understanding of the concept and implies that the aim of
TQM s to establish a culture based on the core values also defined by Hellsten
and Klefsj6 (2000), which are:

¢ focus on customers;

* management commitment;
¢ focus on processes;

¢ continual improvement;

e fact-based decisions; and

* everybody’s commitment.

In this chapter the focus is on the fourth of these values, continual improve-
ment (CI).

Concepts of improvement

As an aim of TQM is to establish a culture based on CI, it is a mistake to halt ef-
forts for improvement arguing that a process for bringing about improvement
has been developed. Hence, those people who refer to TQM as a programme
do not understand the fundamentals of CI (Dale & Bunney 1999). To describe
Clin short, the definition stated by Savolainen (1999) is used:

‘[Clis] a company-wide process of focused and continuous incremental
innovation or improvement”.

Other descriptions of CI do not emphasise the word continuous or continual as
much; Michela et al. (1996) describe CI as:

‘a collection of activities that constitute a process intended to achieve
improvement’.

In contrast, a more extensive description by Nicholson et al. (1995) is that:
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‘The idea of CI suggests that there may be no state of dynamic equilib-
rium, rather that organisational members consciously choose to keep the
organisation in a chronically unfrozen state’.

Thus, it is suggested that Cl is not only a continual, but also a company-wide
process, driven by organisational members and, in a sense, a self-generating
process.

Several authors list criteria claimed to be crucial for CI - see for example,
Harrison (2000), Sun (2000) and Kaye & Anderson (1999). As pointed out by
Kaye & Anderson (1999), it takes more than a static list of criteria to find the
key to continual and self-generating improvement. Michela et al. (1996) even
claim that it is impractical to provide lists of activities entailed by CI or condi-
tions for its success, since a shift to Cl as a way of working has implications for
so many aspects of the organisation (for example, strategy, operations, human
resource policies and practices). Instead, they suggest that a key challenge
when implementing Cl is to ensure alignment or congruence among strategy,
operations, human resources and other domains of management practice. A
better understanding of this synergy is argued to be helpful for improving
practice in CI (Michela et al. 1996).

Harrison (2000) claims that CI must be viewed in the context of other fea-
tures of a socio-technical system. According to his research, Cl emerges at the
operator level as a fragile human-ware category whose position relative to other
categories is strongly influenced by the type of operating system in use, and its
accompanying knowledge base. Bessant & Francis (1999) seem to have a simi-
lar conception, suggesting that CI can be considered an example of dynamic
capability. In this context, strategic advantage is seen to come not from simple
possessions of assets or from a particular product/market position but stem
from a collection of attributes that are built up over time in a highly company-
specific fashion. These attributes provide the basis for achieving and main-
taining competitive edge in an uncertain and rapidly changing environment.
Cl represents an important element in such dynamic capability since it offers
mechanisms whereby a great deal of the organisation can become involved
in its innovation and learning processes. Its strategic advantage is essentially
as a cluster of behavioural routines. This explains why it offers considerable,
and perhaps inimitable, competitive potential; behaviour patterns take time
tolearn and institutionalise, and are hard to copy or transfer (Bessant & Fran-
cis 1999). Hence, the role of behavioural aspects must be considered when
discussing CI.

The principle of CI may appear to be in conflict with project management,
since projects produce unique results. By definition, continual improvement
of a singular effort is impossible. Additionally, as projects are temporary,
measurement and reward systems for project managers tend to be based on
short-term measurements of schedule, cost and technical performance that
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undermine the long-term emphasis on CI. These characteristics are highly
visible in the construction sector and in the case study company. Still, if project
management is considered an ongoing process in an organisation it is obvious
that continual improvement of that activity, despite everything, is possible
(Orwig & Brennan 2000). Orwig & Brennan conclude that formal project man-
agement is quality management and

‘quality management fundamentals applied to the project-based organi-
sation is good business’.

Improvement in practice

In considering Fig. 18.1, achieving a culture based on core values requires tools
and techniques. Skanska’s primary tools and techniques for improvement are
their measures, their management system and their internal audits. A brief
outline of current views on whether or not such elements in general support
or inhibit CI activities in an organisation is needed.

Use of monitoring and measurement are key enablers for Clon higher levels
(Bessant & Francis 1999). In a perfect world, a performance measurement sys-
tem provides early warning, indicating what has happened, diagnosing rea-
sons for the current situation and indicating what remedial action should be
taken (Bond 1999). This implies that measurement is a control over activities.
In contrast, Bessant & Francis (1999) claim that the purpose of measurement
in the context of Cl is to enable and monitor the rate and direction of improve-
ment, and not as a traditional behaviour measure, with control over activities.
Relevant measures need to be identified and used to gauge the extent to which
performance has changed. Harrison (2000) supports this view, recommend-
ing focus on measuring process improvement, not results:

‘setting output targets as the principal measure of CI activity leads to
failure of that activity’.

Harrington (1995) claims that CI is inhibited by explicit knowledge-based
systems, since the primary aim of such systems is to do the job in the same
way, in the same time, every time. In contrast, several authors suggest that
the presence of an exhaustive management system, including formalised
procedures for project management, supports CI activities (Bessant & Francis
1999; Bond 1999; Kaye & Anderson 1999). Bessant & Francis (1999) emphasise
the need for formalised operating procedures, and mechanisms for updating
them with the results of CI activity, implying that formalised procedures can
beimproved by using Clactivities. Kaye & Anderson (1999) also emphasise the
significance of an operating system, aiming at another function. They claim
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that a robust framework is required in order to assess and measure perform-
ance, which is essential in the context of CI.

An assessment identifies where improvement is needed and therefore be-
comes a foundation for continual improvement (Orwig & Brennan 2000). Au-
diting is a way of assessment that traditionally has been viewed as a negative
process by its recipients (Beecroft 1996), but now several authors report that the
role of internal auditors is changing from a traditional checking approach to a
more proactive value-added approach. Bou-Raad (2000) suggests that internal
auditors are taking up partnership with management and that an emerging
number of organisations appear to be realising that internal auditors can
render a better service to management through their increased involvement
in business practices.

Karapetrovic & Willborn (2000) have made a similar finding claiming that
auditingasasourceofinformationhasbecome very usefulinmodernbusiness,
especially with business’ increasing complexities and pressures for continual
adaptation and improvement. They suggest that a concept of system-based
generic auditing, together with a sound generic guideline, could provide for
an integrative approach for management system auditing. In addition, Becket
& Murray (2000) report that a participative, yet structured, auditing process
can provide a vehicle for organisational learning across the company. Another
shift reported regarding audits is that they are becoming more generic, span-
ning over quality, environmental, safety or financial disciplines (Karapetrovic
& Willborn 2000; Bou-Raad 2000). Hence, audits are increasingly being used
for the primary purpose of continual improvement and learning in a broader
sense, and not strictly compliance to stated requirements. A limiting factor
might be the difficulty of obtaining competent people who can undertake a
broad type of audit (Bou-Raad 2000).

Research project

Project description and objectives

As stated in the introduction, the purpose of this chapter is to identify key
aspects of the improvement process in construction companies, with respect
to the concept of continual improvement. It has been suggested that improve-
ment efforts emerge from organisation-specific behavioural routines that are
built up over time. However, it was also suggested that formalised operating
procedures were significant in the context of CI. Therefore, the aim is to ana-
lyse the formalised procedures in the case study company and also to capture
how these procedures are deployed and how behavioural patterns are gen-
erating improvements. In this way, it is possible to map out the improvement
process.
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Research methodology

The research calls for a deep understanding of the company’s way of working
and its culture. Such understanding requires an in-depth study of the compa-
ny’s operations, which is why a case study approach has been adopted. Case
studies are distinctive in their ability to attend to programme operation and
context, but also to capture processes and outcomes in a causal logic model
and thereby provide useful intermittent feedback (Yin 1993). As this project
is limited to one particular organisation, the case study is single; still, a case
study can develop lessons that can be generalised to the major themesina field
(Yin 1993). A single case study gives the opportunity of in-depth studies in an
organisation, especially if it is, as in this case, conducted over some time in
close co-operation with the case study organisation. The study is participative,
as the researcher is actively involved in the development of tools and methods
at the company, therefore the project can be placed in the category of action
research (Fellows & Liu 1997).

Close co-operation with the development manager at Skanska has helped to
establish an overall picture of the organisation. Primarily, the researcher has
attended the meetings of the development group, which includes the develop-
ment manager of Skanska and correspondent representatives from directly
subordinated organisational units. Data from these meetings and individual
daily work have been complemented by more structured interviews with line
managers, as well as people engaged in supportive functions. Interviews with
line managers serve to give a production view of the organisation, which is
crucial as the researcher mostly works in a development environment, where
issues are seen from a different perspective. The study has, at this point,
been running for almost a year and it is planned to continue for another six
months.

A benefit of the approach is the opportunity to compare similarities and
contrast dissimilarities in what people actually do and how they describe
what they do. As a consequence of active involvement in development work
at the company, the thin line between observations and interviews is very dif-
fuse. Nevertheless, discussions at meetings held as part of the daily routine
can actually be considered as a kind of informal and unplanned interview
(Kaijser & Ohlander 1999). Since the method generates a substantial amount
of information, of which a proportion will not be relevant to the research
question, it is crucial to apply some kind of priority. Therefore the approach to
observation must shiftbetween openand focused, depending on the situation.
In recognising that the surrounding environment may influence a participat-
ing researcher, transcripts from interviews conducted in other studies of the
organisation have been used as complementary sources of information.
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President
Division Division Division Division Division
South West Stockholm Civil Engineering || Spec. Companies

Fig. 18.2 Organisational chart of Skanska Sweden.

Research results and industrial impact

Quantification of results

The case study company has adopted as its mission: to develop, build and
service the physical environment for living, working and travelling.

Its business is carried out within Sweden and comprises road construction,
building construction, housing and civil engineering projects. Specialist in-
dustrial companies are included in a separate division.

The company has approximately 15 000 employees, and it is organised into
three divisions covering regional areas of Sweden and two product-specific
divisions (Fig. 18.2). The three regional divisions are divided into five or six
product-specific regions (vertical bars in figure) consisting of four to eight
districts. The number of employees in each district is around 100-200. How-
ever, the size of the districts varies considerably and there are some exceptions
regarding the generic organisational pattern described here.

The improvement process in the company

The procedures described in the management system of the company imply a
structure for the improvement processes as described in Fig. 18.3. The figure
represents the improvement process at all units within the company, includ-
ing districts, even though some of the elements are not executed at each unit.
For example, review of the management system is carried out at divisional
and company level, but the subordinated units provide input to the review.
However, itis apparent this figure does not fully describe the real life situation
within the company. Even if practices and tools are generally considered to be



Improvement Processes in Construction Companies 233

Customers Review of
Management's review ——>| management
Society T T T l system
External audits| | Internal audits | | “Document of objectives”
Measures | Actions
Operations People “Our way of working”

Fig. 18.3 The expected improvement processes.

very useful and well designed by people in the organisation, deployment of
them varies among the units and informal efforts influence the processes.

As Fig. 18.3 implies, improvement work is an ongoing activity with no defi-
nite beginning or ending. Management’s review is conducted on all levels of
the organisation and means that information gathered from the organisation
and its surrounding environmentis reviewed. A significant source of informa-
tion is the compiled results from internal and external audits; the compilation
of the internal audits is, however, conducted in different ways in the divisions,
which is why a company-wide exercise is difficult. Other sources of infor-
mation for senior management’s review are measures of several factors and
discussions from meetings, but also informal conversations and individual
suggestions from co-ordinators and managers.

The mostimportant actions for improvement derived from the information
are prioritised and set up in a Document of objectives. The Document of objectives
isabalanced scorecard including objectives, measures and actionsin six areas:
finance, customer, people, operational development, environment and work
environment. Specific Documents of objectives are deployed on a yearly basis
in all units of the organisation having overall responsibility for results (i.e.
districts, regions, divisions and company). The objectives in the six areas are
company-wide, but actions for improvement are unit-specific. Based on the
Document of objectives of the superior organisational level, each unit establishes
its own specific actions. This is in accordance with the general view among
peoplein the organisation, which is that planning athigherlevels should focus
on business policy and strategy as a whole and then provide guidelines on
planning to districts. A strong focus on financial and market issues is promi-
nent throughout the organisation, but especially at the district level.
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Actions for improvement must be clear and concrete at the district level,
but there cannot be too many. Experience shows that actions may otherwise
remain in the Document of objectives for several years. Actions should be re-
viewed at management meetings, but the real situation indicates that the
review frequency of actions varies considerably among the units. Many of
the actions for improvement recur in several of the units, but the exchange of
experiences remains rather poor. This may be a result of the entrepreneurial
culture of the company — the units are accustomed to managing themselves.
A reason for failure to realise actions for improvement expressed by some is
that the organisationis too trimmed — people are too busy handling their daily
work; therefore, it is hard to drive actions in an effective way. Looking for bet-
ter ways of accomplishing activities is still not ‘a way of life” (Laszlo 1999) for
everyone at Skanska. The focus is on ‘doing the daily job” and making money,
with little effort put into developing and improving the way the job is carried
out. However, there are indications that attitudes are changing and senior
management’s reviews are an attempt at capturing the complete picture of
the operations, thereby ensuring alignment or congruence between strategy,
operations and other domains of management practice (Michela et al. 1996).

Although the Document of objectives is the primary tool to plan and steer
the company’s business, it also has a reporting function, since the measures
included provide important data for senior management’s reviews. In Fig. 18.3,
measures based on Customers (i.e. customer satisfaction index) and Society (i.e.
image index) are viewed separately, while measures based on internal issues
within the company are signified by Measures under the heading of Document
of objectives. The measures imply trends and performance in the areas of the
scorecard. Most of them are measured annually at company level, but some
are division-based. The focus on financial performance is reflected in senior
management’s reviews of the measures and is reviewed 4-5 times annually
at their meetings.

Measurement of other areas is not conducted as frequently. A general re-
view of the measures is, however, carried out on an annual basis. Although
review routines vary across the units and the work is perceived as very time-
consuming, managers agree strongly that it is important to understand and
use the Document of objectives. Considering this, it is evident that current prac-
tices do not fulfil the requirements of a performance measurement system
in the perfect world, as outlined above (Bond 1999), and certainly cannot be
seen as measures in the context of CI (Bessant & Francis 1999). Nonetheless,
measures for several areas are established and, not least, there seems to be a
consciousness of the significance of measurement and review in the organisa-
tion. Despite this, measurement is required to a greater extent if processes for
continual improvement are to be effective.

The backbone of the organisation’s operations is an integrated manage-
ment system called Our way of working This is a tool for the entire operational
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sphere and encompasses all projects, irrespective of size and type. Work pro-
cedures for the core business of the company (construction projects), as well
as leadership and supporting functions such as customer/market, employees,
purchasing, technology and product development, are described. Along with
these descriptions are aids in the form of templates and checklists. Our way
of working embodies requirements of the ISO 9000 and 14000 standards and
aspects of the internal work environment and offers a broad perspective of the
business. Within the organisation, Our way of working is seen as a supportive
tool for daily work by both management and operatives. A telling description
proffered by a member of the organisation is the handrail on the stairs when the
light has gone out.

Most people are convinced that to deploy Our way of working fully on all
projects would improve the overall performance of the company significantly.
Yet, as Our way of working serves as a guide describing the operational proce-
dures, it must be developed further in order to improve operations. It is unfor-
tunate, therefore, that some employees do not feel that they can contribute to
development and improvement of the system. Senior management’s reviews
aim to capture views across the organisation, but suggestions for improve-
ment are not collected in a systematic way. With respect to the above — see
earlier section — it is claimed that formalised procedures could be updated
from the results of Cl activities (Bessant & Francis 1999). This principally calls
for two aspects to be considered: first, the procedures of the system must be
fully deployed; second, astructured way to assess and improve the procedures
described must be established. Possibly, Our way of working could also serve as
a basis for performance measurement (Kaye & Anderson 1999), but this needs
to be examined further.

Conducting internal and external audits are the main approaches to assessing
the operations of the company. There are two types of internal audits in the
organisation:

(1) audits of specific construction projects, regarding quality, environment
and/or working environment; and
(2) audits on a business unit as a whole.

The explicit purpose of internal audits is to detect areas for improvement and
to assess that operations are appropriate, efficient and in accordance with
Our way of working Audits are appreciated, as most people think they give
a valuable health check of their organisation. The content of the audits is con-
sidered to be serious and reliable, but it is emphasised that the auditors must
be highly qualified in order to make the audit an opportunity for improve-
ment and learning. External audits are required to retain ISO certificates: the
results from both external and internal audits serve as basic data for senior
management’s review.
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In the past, many looked upon audits as controlling police activities, but
now this attitude has changed, as managers and auditors have declared the
purpose of audits more clearly. Consequently, the case study strongly sup-
ports the views of authors stated above regarding change in attitude towards
audits (Beecroft 1996; Bou-Raad 2000), and increasing extent of audits (Becket
& Murray 2000; Bou-Raad 2000; Karapetrovic & Willborn 2000). It is clear that
audits are gaining an important role in assessing performance and thereby
detecting areas for improvement in Skanska. Nevertheless, the issue of mo-
bilising a sufficient number of qualified auditors (Bou-Raad 2000) is crucial
for the company. Even though the internal audits serve as opportunities for
improvement at the units, they do not stimulate suggestions for improvement
effectively and the units themselves do not drive them. Skanska has therefore
evaluated more self-generating approaches to assessment of their operations,
such as self-assessment by business excellence models (e.g. Samuelsson &
Nilsson 2002). However, these models have been rejected, as they were not
considered to be sufficiently aligned with the company’s operations.

Implementation and exploitation

The results of this study imply that the management system provides a frame-
work for improvement processes in a construction organisation. Even though
construction projects often are unique, elements of them are not. By describ-
ing efficient approaches for repetitive elements and prescriptions regarding
the external environment and work environment, better conditions for well-
functioning operations are created. Deploying Our way of working in Skanska
is considered to increase the likelihood of success in projects, with regard to
financial results as well as customer satisfaction. Assuming that Our way of
working is fully deployed, a well-functioning process for assessing, review-
ing and improving it would imply continual improvement of operations. Our
way of working is perceived as a useful tool by most people at Skanska, but the
deployment of it is not comprehensive and a structured way of collecting sug-
gestions for improvement is missing.

Internal auditing is a way to assess whether procedures are deployed, and
is thereby a driver for increased deployment. Disadvantages are that audits re-
quire much time from auditors as well as respondents; they are not conducted
regularly at all units; and they are not driven by the units themselves, where
they can still be seen as controlling activity rather than support for improve-
ment. Audits assess whether recommended approaches are deployed, but
it must also be assessed whether those are the most efficient ones. It is sug-
gested that practices to assess deployment of approaches and to collect areas
for improvement of the management system should be established. Practice
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on a voluntary basis may stimulate a culture of continual improvement more
effectively than traditional audits.

Conclusions

The construction sector has been shown not to be oriented towards improve-
ment and learning. Production is comprised of projects that are said to be
unique and not repetitive and that complicate learning and use of formalised
yet simple approaches for assessment, review and improvement. The purpose
of this chapter was to identify key aspects of the improvement process in con-
struction companies, with regard to the concept of continual improvement. A
participative long-term case study of a large construction company has been
conducted in order to identify these aspects.

The case study implies that the sector has a journey ahead to achieve a
culture of continual improvement. A key aspect of improvement processes is
measurement of performance. In this case several measures are established,
but the main focus is on financial issues and other measures need to be con-
ducted and reviewed more frequently, considering the concept of continual
improvement. As construction projects are often unique, a key aspect for
realising continual improvement is a well-designed management system,
describing efficient approaches for repetitive elements of projects. Potential
benefits are significant, particularly in large organisations as they have greater
resources for maintaining and improving it. However, there must be a struc-
tured way of improving the approaches and, of course, the approaches must
be deployed. Audits can be seen as a driver for increased deployment and it is
evident that the attitude towards them is changing for the better. Still, audits
require qualified auditors and they do not stimulate suggestions for improve-
ment from the organisation effectively. Therefore a more self-generating com-
plementary approach for continual improvement is eligible.

To sum up, efforts for a business more oriented towards improvement
have been made in construction companies. This study implies that a formal
foundation for improvement processes is established, but its full potential is
not realised. In order for this to happen, the will to do things better must be
stronger in the organisation. As the prevailing main focus is on doing things
right, this will not happen by itself. Hard work and more self-generating
approaches for improvement are required to achieve significant improve-
ment of performance.
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Chapter 19

Design Research and the Records
of Architectural Design: Expanding
the Foundations of Design Tool
Development

Robert Fekete

Introduction

Considering the many mutual interests within the fields of design and archi-
tecture, it is surprising that so little architectural theory seems to have found
its way into modern design research. Apart from a few exceptions, the abun-
dant writings of architects do not add to design theory any more than in the
form of casual guest appearances on the stage of design research, conforming
to its problem domain and vocabulary, and therefore mostly dealing with
questions concerning design activity. One cannot help wondering whether
important aspects of architectural design treated in the rich sources of archi-
tectural theory have been overlooked during the last few decades of design
research.

Has architectural theory really contributed to its fullest extent to the field
of design research? Judging from the current state of affairs, the answer to this
question seems to be an emphatic negative. The ultimate aim of the research
projectbehind this contributionis toimprove the modern design tools of archi-
tects, focusing on their functionality during the early stages of design. Based
on the above assumption, a more open-minded and thorough review of archi-
tectural theory and the writings of architects in the context of design research
seems to be one of the first steps in the right direction. This chapter argues that
the findings of such a review could make significant contributions to the field
of architectural design and the development of its modern tools.

State-of-the-art review

On the legitimacy of the writings of architects

A glance at the history of CAD research, and especially research in computer-
aided architectural design (CAAD), reveals that the study of design activities
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of architects in practice and education has been a common approach towards
building a foundation for the development of software. CAAD research in
itself has

‘extended and developed design research, which began in the 1960s. In-
deed, the links between design methods and CAAD are so intertwined
that it is almost impossible to separate them” (Tweed 2001).

Significant, however, of this research is the generalisation of architects into
typical groups, represented by the ideal-type of designer devoid of any bio-
graphical history. The subjects of interviews, observational studies, statistical
surveys etc. are mostly educational institutions, practices or some other notion
of the profession at large. The sweeping statement that architects

‘form homogeneous communities of likeminded people whose main
activity is to design buildings’ (Tweed 2001)

seems to be frequently made in CAAD research today. Hence the diversity of
individual ways of design is effectively excluded. In the end, this can be seen
as one of the factors behind the streamlined CAAD programs of today. This
is where methods of design research could be complemented by architectural
theory and the writings of individual architects in order to expand the founda-
tions of CAAD development.

Apart from the generalisations being made in the studies of designers, the
practice of predominantly studying design activity may be an insufficient
approach in itself. In order to contribute further to CAAD development, ar-
chitectural design research should make efforts to shift focus to what is being
designed from how it is being designed. Archer (1979) supports this thought
when saying:

‘Inever did like that hybrid expression design methodology. My objection
was not only to the corrupt etymology, but also to the impression, con-
veyed by the term, that the student of design methods was exclusively
concerned with procedure. For my own part, the motive for my entering
the field ... was essentially ends-directed, not means-oriented”.

In the context of CAAD, O’Connell (1983) puts this clearly when declaring
that

‘the slow development of CAAD systems, indeed, is partly explained by
the difficulty of deciding what is meant by architectural design’.

Considering the fact that CAAD development has so rarely turned to the field
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of architectural theory for input and ideas, the development of CAAD systems
has, apart from being slow (which might have been more true in the 1980s),
shown itself to be limited in its usefulness. In practice, today’s tools conform to
the duties of a relatively narrow (however numerous) segment of profession-
als, namely those involved in creating production drawings.

As a consequence of the limitations of CAAD, one could even argue that
the architect’s main tool of today not only excludes certain parts of the design
process, it also contributes to an age-old form of segregation in the architect’s
offices: the one between the designer architect, whose main areas of work are
excluded by CAAD, and the draughtsman whose tasks are promoted by it.
True enough, the capabilities of modern software rarely benefit users as ex-
tensively as is technically possible, even during the stages when production
drawings are being prepared or later in the process stretching into facilities
management. Questions regarding CAAD use in practice today are partly the
subject of this project’s sister project represented by Chapter 20, Communicat-
ing project concepts and creating decision support from CAAD. However, to ques-
tion whether the philosophical and theoretical foundations of today’s CAAD
programs are sufficient, or even correct, could well prove to be a fruitful way
to widen their use into the early stages of design. As it is, these foundations
seem to be all too rudimentary. The world of architectural theory, being the
philosophy of architecture, may extend the vocabulary of CAAD programs
and enrich the semantics of the objects and phenomena they are (in)capable
of representing.

Architectural theory, thatis herein mainly understood as the writings of ar-
chitects, regularly deals with the results of design, i.e. architecture, rather than
the nature of design activity. Complementing, for example, protocol analysis
asaverbalaccount of what goes onina designer’shead during (or shortly after)
design activity with likewise verbal, however written, accounts focusing on
the design itself seems important. This chapter argues that design goals are
best studied through the written records of architects; they are the shortest
way to the designer’s mind, providing a grip on not only facts, but also values.
The explanation of this is quite simple. The nature of protocol analysis vitally
differs from the situation in which architects reflect on their own work and try
to put experience and theories into words, motivated by their own wish to do
so. In the act of writing, the text becomes the main issue, a product of its own.

The study of design activity in a laboratory environment is associated with
problems. For example, it is a necessity that the subject of the experiment is
presented with a given design problem. However, this may yield some un-
wanted effects. One does not have to be a professional designer to sense the
fact that the moment a specified design task is pointed out, a range of presup-
positions have already been made about the goal of the design activity, and
to a certain extent the course is already set out. For architects such definitions
are usually subject to many considerations and re-considerations, personal
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as well as those emerging from contacts with clients and users, before being
pinned down.

This process is all in the nature of dealing with architectural design prob-
lems. In experimental studies of design activity, these elements, while having
major influences on the final result in real-life projects, seem to be excluded.
The designer studied under these circumstances is presented with a goal and
then asked: how would you go about reaching it? The obvious risk involved
with a procedure where the problem, partly or wholly, is formulated before-
hand is that it instantly produces a mental image, hence largely omitting the
possibility for the designer to answer the crucial question: what is my goal?

The ambiguous nature of architectural design

Deciding what architectural design is, as O’Connell remarked, not an easy
task. Upon presenting in a brief chapter a few architects’ different views on
architecture, Lawson (1990) concludes that:

‘the intention [of the presentation] was simply to suggest that it is not
necessary to include revolutionary or fringe ideas about architecture in
order to find considerable variation in approach to the design process’.

Hence, ambiguities surround architectural design regardless of quality, scale,
complexity and thelike. Not surprisingly, difficulties are bound to occur when
trying to establish a workable connection between an area as hard to define as
architecture, and a computer program such as CAAD that requires clear-cut
information in order to function. An attractive starting point in an attempt to
achieve such a connection is to explore further the view that architectural de-
sign, especially in its early stages, mainly deals with ill-structured or wicked
problems (Simon 1973; Rittel & Webber 1973). Since so many of the charac-
teristics of wicked problems seem to apply to architectural design, especially
during its early stages, a short review here seems worthwhile. Rittel & Webber
propose ten aspects that characterise a wicked problem.

* Thereis no definitive formulation of a wicked problem.

¢ Wicked problems have no stopping rule.

* Solutions to wicked problems are not true or false, but good or bad.

* There is no immediate and no ultimate test of a solution to a wicked prob-
lem.

e Every solution to a wicked problem is a one-shot operation; because
there is no opportunity to learn by trial-and-error, every attempt counts
significantly.



244

Construction Process Improvement

¢ Wicked problems do not have an enumerable (or an exhaustively describ-
able) set of potential solutions, nor is there a well-described set of permis-
sible operations that may be incorporated into the plan.

* Every wicked problem is essentially unique.

* Every wicked problem canbe considered to be a symptom of another prob-
lem.

¢ The existence of a discrepancy representing a wicked problem can be
explained in numerous ways. The choice of explanation determines the
nature of the problem’s resolution.

¢ The planner has no right to be wrong.

A couple of these characteristics seem to relate immediately to what has been
discussed before. Wicked problems would, for example, allow us to include
the differing individual ways of reasoning that occur when it comes to archi-
tectural design, simply because one of the characteristics of a wicked problem
is that there is no one correct solution to it. The outcome of a design process,
for example a finished building, is judged differently by different parties
involved, due to their individual interests and ideologies. Hence, a purely ob-
jective statement of its success is impossible. Rittel & Webber (1973) elaborate
upon this by saying that:

‘the formulation of a wicked problem is the problem’ and ‘the process of
solving [it] is identical with the process of understanding its nature’.

Probably for many architects such a view is quite an appealing way of looking
at things. Thomas & Carroll (1979) further add to it by saying that designing is
essentially ‘a way of looking at a problem’, not exclusive to any particular type
of problem, hereby leaving it to the problem-solver to decide how the task at
hand should be treated and even whether it, in fact, should be perceived as an
ill-defined or well-defined problem. This view is related to the one represented
by Simon (1973), whose definition of ill-structured problems as a ‘residual con-
cept’ gives a handy overall grip of their nature. Initially, he says, ill-structured
problems are simply identified by what they are not. He continues by stating
that there is no way of clearly classifying a given problem as either well-struc-
tured or ill-structured. In order for them to be manageable, he suggests that
ill-defined problems are decomposed into sub-problems, hereby effectively
turning them into well-defined ones, which in turn are subject to conventional
problem-solving methods. Such a working method, abstractions and generali-
sations, is common to architects.

Largely, within the field of architectural design, ill-defined problems are
fewer, more extensive and occur earlier in the design process, while well-
defined ones, subject to more routine solutions, are many and scattered all
over the later stages of design. This is a pattern quite typical for architectural
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design, unlike for example the design of cars, where first and foremost the
chronology canbe said to be more or less the reverse. Concerning architecture,
this relates to another couple of characteristics of wicked problems, one being
that every wicked problem is essentially unique. According to this definition,
wicked problems cannot be classified, since there always might be important
properties yet to be discovered that distinguish a specific problem from other
seemingly similar ones. Hence to be manageable, wicked problems require
complex judgements about their acceptable level of abstraction.

‘Part of the art of dealing with wicked problemsis the art of not knowing
too early which type of solution to apply” (Rittel & Webber 1973).

Furthermore, stating that ‘every wicked problem can be considered to be a
symptom of another problem’ is not just an analogy of the old saying that one
should strive to get to the root of a problem. Typically, a wicked problem is
multi-layered; in solving one aspect of it another more complex problem may
reveal itself. However, as Simon pointed out, in practice one has to work on
a level where things are manageable. The difficulty, though, lies in knowing
when, and into what, to break down any givenill-defined problem, since every
such decision significantly guides the course of the design process. Too high
a level can render it unmanageable, while the contrary can result in solutions
that only serve toreinforce higher-level problems, hence making things worse.
Inarchitectural design such decisions, and eventually the decision to end one’s
work on a particular design as a whole — to stop designing —is guided by ex-
ternal considerations, such as sufficiency, limitations or feeling; for example,
‘this works well enough’, ‘we have exceeded the budget’ or ‘I like it the way it
is”. Hence, ‘wicked problems have no stopping rule’.

Seemingly one could delve deeply into the relevance of wicked problems
for architectural design. For the time being, however, it is probably safe to con-
clude that the concept of wicked problems makes up a convenient container
for analysis somewhere in-between the ambiguities of architecture and the
formalised world of computers. It makes things graspable without being able
(or wishing) to pin them down; hence, it relates to both areas. Possibly the
conceptof wicked problems could work as a filter through which architectural
theory is poured for computer-friendly formalisation.

The shortcomings of today’s CAAD programs

In Rittel & Webber’s (1973) list characterising wicked problems, the last para-
graph, ‘the planner has no right to be wrong’, may sound somewhat alarm-
ing. The authors seem to mean that in practice the principle of conjecture
and refutation is not acceptable when it comes to wicked problems, thereby
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contrasting the world of science. Since the implemented solutions of wicked
problems are effectively irreversible and as such can have great consequences
for generations to come, planners cannot afford to make serious mistakes. In
the case of buildings this mainly applies to the great costs involved in correct-
ing mistakes; in the case of large-scale infrastructure projects, on the other
hand, the consequences might well be truly irreversible. This is the context
in which CAD programs were meant to make a considerable difference, as an
aid for designers, in the end being the ultimate quality assurance tool for the
construction sector. The prospects of CAD being able to achieve such a position
still seem promising. However, in the context of architectural design today,
particularly during its early stages, the benefits of CAD are far from being that
significant.

It is important to remember that design research before the CAD break-
through was dealing mainly with the improvement of design methods. Not
much discussion concerning the tools of the designer was ever deemed neces-
sary until the introduction of CAD. Design theory, as the basis for design tool
development, is a result of the problems surrounding this new tool. Where
design tools once were of more or less common nature in different design
areas (pen and paper, physical models), various disciplines have developed
specialised software to suit their specific needs. Within the construction proc-
ess, CAD for architectural design (CAAD) has taken a course of its own.

The main role of CAAD programs in architectural practice during the last
10 years has been that of the support tool in the later stages of the design proc-
ess, the advantages of which today seem quite clear. In contrast, the benefits of
using CAAD during the early stages of design are uncertain. Indicative of this
is the fact that application of CAAD early on in a project today, for example, for
sketching, is seldom done. The main objections on the designer’s part towards
such practice concerns the difficulties associated with modelling the loosely
determined information so typical of the early stages of design. This is coupled
with the view that it is unprofitable having to specify information more than
necessary, simply for software handling reasons. Even when the initial wish
ina projectis often simply to visualise ideas concerning volume and function-
ality, the cumbersome input of information constantly causes the designer to
lose his or her train of thought, and the feedback is poor. As a result, the use
of today’s CAAD programs in the early phases of design is judged simply not
worthwhile. Hence, an important question to answer seems to be:

What are the actual benefits of computerising architectural design information
in the early stages of design?

Ekholm and Fridqvist, creators of the BASeCAAD project, state that

‘today’s CAD software cannot provide design evaluation tools until later
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stages of the design process when much of the design has become fixed’
(Fridqvist & Ekholm 1996).

Consequently,

‘the interpretation of the acronym CAD as computer aided design is
questionable in the realm of building design and the tools available
today’ (Fridqvist 2000)

meaning that CAD should in fact spell computer aided draughting. The popu-
lar argument from the side of the proponents for the introduction of computer
support early in the design process emphasises the advantages that digital
information brings to the later stages of the process.

‘Ithas long been held by researchers that computer aided design needs to
be continuously used from the earliest design phases, if the most benefits
are to be gained’ (Fridqvist 2000).

Though again, due to the insufficient functionality of the software in the early
design stages:

‘a considerable amount of the information gathered during building de-
sign today is not forwarded to the subsequent stages of the construction
process’ (Fridqvist 2000).

Important issues related to this, and hence the overall functionality of CAAD
programs, are partly those concerning modelling in itself, or information
input (i.e. what and how), and partly those relating to communication or infor-
mation output (i.e. to whom and when). Consequently, following the previous
question posed, the next question to answer would be:

What properties should a tool for computerisation of architectural design infor-
mation have in order to be of benefit to architects for use in the early stages of
design?

The client’s evaluation and categorisation of architects and their practices
today have come to include a whole new criterion, namely the status of the
architect’s equipment. Historically, this has never been regarded as indicative
of the architect’s competence. It seems unacceptable that the great investments
made today in architect’s offices in hardware and software, constantly craving
maintenance and upgrading, should be induced by competition only and/ora
mere technology push. The paradox between the use of a tool being obligatory
in order to uphold one’s professionalism and this tool’s inability to be a true
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asset in the profession is unique in the design sector in many ways. Recognis-
ing the fact that computer aided support for architects in the early stages of
design is highly insufficient, and assuming that one of the major reasons for
thisis thatarchitectural theory and the writings of architects have beenlargely
overlooked within the realm of CAAD research, this research project will ini-
tially deal with the following questions:

*  What contributions can architectural theory and the writings of architects
make to design research?

e How can architectural theory and the writings of architects expand the
foundations of design tool development?

One of the reasons for the shortcomings of CAAD, indicated above, are the
methods used when studying the design activities of architects, methods
characterised by Archer as being

‘the product of an alien mode of reasoning’ (Archer 1979)

inevitably leading to some sort of generalisation of the software produced. One
mightargue that the view represented by these methods contradicts the nature
of the early design stages, in that design activity early on mainly concentrates
on identifying the design problem, resulting in individual solution concepts,
that in turn are in need of varying kinds of support for their representation.

The prospects for CAAD programs

Continuing his thought, as quoted in the beginning of this chapter, Archer
(1979) states that by getting involved in design research:

‘1 was concerned to find ways of ensuring that the predominantly
qualitative considerations such as comfort and convenience, ethics and
beauty, should be as carefully taken into account and as doggedly defen-
sible under attack as predominantly quantitative considerations such as
strength, cost, and durability”.

He continues:
‘My present belief ... is that there exists a designerly way of thinking and
communicating that is both different from scientific and scholarly ways
of thinking and communicating, and as powerful as scientific and schol-

arly methods of enquiry, when applied to its own kinds of problems’

i.e.ill-defined problems.
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The philosophical foundation of CAAD programs of today is the rational-
istic view that the design tool should be able to represent the conceived reality
(Turk 2001). Striving to model fully in 3D has become equal to the quest to
achieve as detailed a representation of the finished building as possible. Con-
sequently, to extend the amount of symbols that represent real life objects and
their properties has been considered to be largely the correct path to follow
in the development of today’s software. The grouping of these objects into
object-classes is what mainly constitutes the basis for development towards
so-called object-oriented CAAD programs. Taking the above discussion about
architecture being an ill-defined problem into account, many difficulties arise
around suchanarrow-minded course of development. Apart from the fact that
ready-to-use symbols have to be preconceived for objects not yet thought of, let
alone defined, a preconception of an entire domain, i.e. architecture, becomes
inevitable. The generalisation of architects into groups handy for the purpose
of study has also been mentioned above.

An interesting parallel to this is the simplistic way in which predefined
object-classes have been identified in today’s CAAD programs. Needless to
say, the amount of predefined classes would have to be close to infinite in
order to form suitable ‘containers’ for every conceivable object one would
want to model. Nevertheless, such a division is the common structure of to-
day’s CAAD programs. Once again a sweeping statement has been made that
walls, floors, roofs, pillars, slabs, doors, windows and various installations
and furniture (sum total) are sufficient artefacts to model every conceivable
physical part of a building. Forms and shapes not covered by these classes
have to be geometrically modelled by the user, resulting in objects with little
or no possibility for property attribution; in other words, they are destined
to be ‘unintelligent’. Furthermore, once the class belonging of an object is de-
fined, it cannot be altered without the redefinition of the entire object itself.
Consequently, as it is today, CAAD programs are neither very allowing, nor
forgiving.

Concerningthislastissue, recentresearchhastakenstepstowardsmore flex-
ible object-oriented modelling. It has been recognised within the BASeCAAD
project, as well as elsewhere, that central to building product modelling is the
abandonment of the traditional class-centred approach in favour of an object-
centred approach (Ekholm & Fridqvist 1998). In the BASeCAAD system this
is handled by the concept of schema evolution or the dynamic definition of design
object classes. Users develop their own project-specific model schemes containing
object classes created with the support of predefined libraries, but nevertheless
in essence freely defined by the users themselves.

To put it simply, not only should the creation of certain objects be the pre-
rogative of the designer, but also the creation of the classes to which they are
to belong. Conforming to the fact that the creation of classes can be a very
demanding task, the libraries based on established building classification
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systems are supplied — a professional approach very much different from
the Lego-philosophy employed today. A conclusion made in the BASeCAAD
project regarding the flexibility of objects is that the software has to, during
the entire design process, enable the user to:

(1) create and alter classes suitable for the objects modelled; and
(2) freely redefine the classification of the objects modelled.

So far the discussion above has been concerned with the modelling of physical
objects alone. However, architects are typically concerned with the non-physi-
cal sides of life as well. This quote, characteristically poetic, by Kahn (1964)
is a good example of the complex reasoning often found in the writings of
architects.

‘The order of making the wall brought about

an order of wall making which included the opening,.
Then came the column,

which was an automatic kind of order,

making that which was opening,

and that which was not opening,.

A rhythm of openings was then decided by the wall itself,
which was then no longer a wall,

but a series of columns and openings.’

(Kahn 1964)

To study the evolution of concepts, such as this one, is intriguing, since it be-
comes evident that many things, apart from hands-on physical circumstances,
influence the way that things are finally perceived. When initially Norberg-
Schulz (1976) clarifies his view on the differences between space and place,
he uses a common expression deriving from our everyday use of language.
In short, according to him, place is space with identity, and by emphasising
that events take place in a space, he highlights perhaps the most important of
its many identities, namely its user’s activities. In such a seemingly simple
manoeuvre, Norberg-Schulz turns the abstract concept of space into a more
concrete notion of place, hereby isolating one aspect of place that in his view
distinguishes it from its literally more anonymous predecessor.

From a scientific viewpoint, Norberg-Schulz might not seem to have a
very strong chain of arguments (which is mostly to blame on the extremely
shortened review of this particular train of thought in here). For a ‘designerly’
mind however, such definitions often represent a key for the future work of the
designer. The importance of these unscientific conceptsis therefore evident. (As
amatter of fact few ideologies of architects resemble regular scientific systems,
nor was this ever the intention of their authors. Kahn’s words in particular are



Design Research and the Records of Architectural Design 251

often of the philosophical kind, sometimes composed as laconic sentences with
a poetic and mysterious ring to them, while at other times, especially during
interviews, his answers to questions are more reminiscent of soliloquies.)

So far, today, the importance of being able to model quantitative data, such
as for calculation, has been recognised, but should qualitative concepts such
as identity also be modelled or in any other way supported by CAAD? The
specific example of user activities, particularly in relation to building briefs, is
one of the cornerstones of the BAS®CAAD project (Fridqvist 2000). However,
the point made in this context is that this example represents only one of many
concepts within the field of architecture for which the possibilities of manipu-
lation with today’s CAAD programs are poor. Basing his arguments on the
phenomenology of the German philosopher Martin Heidegger, Turk (2001)
answers the question above with ease. Hejustifies the coexistence of intangible
objects alongside physical ones simply by stating that:

“...we can think of them and that should, according to metaphysics,
suffice. They are constructed and found useful in the skill - the “techne”
— of the architects’.

One of the interesting elements in Turk’s theories relevant for this discussion
is his division of models into abstract models and concrete models. An ideal
CAAD program would by this terminology be representing the abstract (or
conceptual) model and, thus, would have the ability to house all of the dif-
ferent concepts of architecture, the ones existing as well as the ones yet to be
invented. Since today’s object-oriented CAAD programs can be said to repre-
sent the category of concrete models rather than abstract ones, it is not hard to
understand why users so often run into difficulties when working with them.
Turk gives an illuminating example of this. A concrete model would have its
counterpartinsomething tangible, for example the Eiffel Tower, while abstract
models denote the concept of towers in general. One can easily realise that it
is relatively simple to produce a specialised CAAD program for designing the
Eiffel Tower, because in effect the software would not have to contain any other
objects than the ones forming this specific tower, but it is considerably more
difficult to produce a program that assists in the building of every conceivable
tower, let alone every conceivable building or, in the end, a CAAD program
that would be suitable for every architectural task.

According to Turk (2001) such difficulties will prevail, as long as the
development of CAAD is fundamentally based on today’s object-orientated
approach to modelling. He emphasises that:

‘objects are [mental] constructs, inventions, not something that has
existence independent of ourselves’,
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hereby effectively levelling all concepts deriving from the architect’s mind and
stating that they deserve equal support by a modern CAAD tool, irrespective
of whether they are concrete, tangible or quantifiable or not. As it is today, he
claims:

‘thetermconceptual [abstract]model for creativedesignisacontradiction
in terms’

when resulting in software only suitable for supporting

‘routine, bureaucratic processes that fit into the schema designed during
software development. [...] Only designs that fitinto the model are possi-
ble. Creative ones, by definition, are those that step out of the predefined
conceptual model” (Turk 2001).

In the end, he says, model-based software that truly supports creative de-
sign would require the additional skills of a computer programmer to use,
hereby criticising the kind of extensible models investigated in projects like
BASeCAAD, finally landing on the somewhat sullen note that still, today, the
only tool that does not stand in the way of creativity is the pencil (Turk 2001).
Being involved in the field of CAAD research, however, Turk believes that
things could change, but as to what extent he will actually be able to present a
working alternative to object-oriented modelling, or in fact computer modelling
on the whole, remains to be seen. Still, his arguments forming a radical ap-
proach by eliminating objectification altogether, give the impression of being
a welcome starting point from where to concentrate on defining the domain of
architectural design in relation to CAAD, and to investigate further how soft-
ware flexible enough to be able to adapt to every single change in this domain,
or in other words, every single design project, should be conceived.

Archer (1979) brings us back to safer ground with a quote containing many
key issues still valid for future consideration:

‘Indeed, we believe that human beings have an innate capacity for
cognitive modelling, and its expression through sketching, drawing,
construction, acting out, and so on, that is fundamental to thought and
reasoning as is the human capacity for language. Thus design activity
is not only a distinctive process, comparable with but different from
scientific and scholarly processes, but also operates through a medium,
called modelling, that is comparable with but different from language
and notation’.

With today’s software it seems that if flexible enough modelling is to take
place, especially during the early stages of design, we are restricted to
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manipulating pure geometry. Asjust one consequence, all of the non-physical
concepts referred to in architectural theory will be excluded. Hence, we seem
to be left with two choices. Either we settle for a pen-and-paper mimicking 2D
software and free-form modellers imitating the likes of traditional cardboard
model building (the value of which is questionable), or we skip CAAD support
entirely in the early stages of design, and restrict ourselves to making use of
CAAD once the objects that are to be modelled are well-known and defined.

One way to move forward, proposed by this chapter, would be to conduct
an initial extensive survey of the different opinions of architecture and archi-
tectural design found in the sources of its theory, in order to (re)define exactly
what it is we want to be able to use our design tool for. Today, the wish list for
suchthingsisalreadylong, ranging from quite simple desires such as theready
ability to calculate quantities, to the more complex issues regarding the nature
of architectural design. Probably that list is what initially has to be extended
and rooted in architectural theory, and probably it should not simply result
in a further expansion of the number of objects, or types thereof, handled by
the software. The concept of object-classes (or even objects) in itself seems to
be an all too restricting system to conveniently accommodate the phenomena
and the rich knowledge constituting the wicked problem of architecture. In
revising such a system, the logical next step might be to regard the design of a
CAAD program as a wicked problem in itself.

Conclusions

This chapter has tried to point out that the finished result of architectural
design is to a large extent determined early in the design process and that the
traces of these decisions are to be found in architectural theory and the writ-
ings of architects. Since the shortcomings of today’s CAAD programs areby far
most significant during these critical early phases of design, the conventional
methods of design research that have so far largely formed the basis of CAAD
development need to be complemented. It seems important for architectural
design research to shift focus to what is being designed from how it is being
designed, in order to contribute further to the development of CAAD pro-
grams that could be of true benefit to designers. One way of initiating such a
shift would be the merging of design research with architectural theory and
the writings of architects.
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Chapter 20

Communicating Project Concepts and
Creating Decision Support from CAAD

Jan Henrichsén

Introduction

In today’s building design process, architects can decide to use object-orient-
ed, solid modelling CAAD programs instead of 2D CAD and word processing,.
By using a modelling CAAD program, a digital model of a building can be
built, carrying all information about it in order to perform simulations, un-
dertake presentations and generate descriptions. Architects, as well as other
consultants, clients and authorities, are not fully aware of the full benefit of
using CAAD tools, and so the concept of CAAD is only partly implemented.
Architects must, therefore, be convinced that a CAAD-derived model can be
the core for work of the whole design process and that it can constitute the sole
database from which it is possible to export all necessary documents.

The research forming the subject for this chapter involves a projectin which
a complete CAAD model of a building — in this case a multi-family apartment
building — is going to be built, using a commercial program. The project is
intended to show that it is possible to put all the information that is needed in
the design process into a digital model and then export it to all common, more
or less standardised documents.

State-of-the-art review

Nowadays, architects have economical and practical opportunities to work
with computer programs foreseen since the 1960s, but accessible only of late. It
isinteresting to note that relatively very few architects actually try to use these
kinds of programs. The author has worked as a practising architect since 1979
and has developed his personal professional daily work process from tradi-
tional hand drawing with pen on paper, via draughting CAD (2D) to working
with object-oriented, solid modelling CAAD programs dreamed about in the
1960s. The following sections provide a brief overview of ideas and thinking
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about CAD techniques, counterbalanced by the author’s personal experiences
in this field.

CAAD ideas and thinking

Whatare the different computer methods that an architect can use today in the
building design process? There are two main categories to choose from when
contemplating CAD activities; first, using the computer as a draughting and
modelling system; or second, using it as a design medium (Gero 1985 p.107).
The different aspects of using CAAD as a design medium are covered by many
researchers and are not the primary concern of this research. Instead, the mod-
elling aspects in the phases following the initial design stage are of interest.
The use of computer aids in the early stages of the design process is, of course,
of immense interest to many architects and important to develop; but the use
of CAAD in the latter stages of the process is as important when it comes to
fulfilment of the design process. O’Connell (1983) states that:

‘The slow development of CAAD systems ... is partly explained by the
difficulty of deciding what is meant by architectural design’.

This helps to explain why there have been so many research projects over the
years concerning architectural design and computer aids focused on the early
stages of the design process. At the same time, commercial CAAD programs
have developed in terms of producing documents for the latter stages to a
level where the use of a CAAD program instead of a 2D draughting program
can now be justified. A change from 2D draughting to CAAD modelling can
now be implemented into the routine work of practising architects simply by
purchasing commercial software.

At this point, it is probably useful to provide explanations of some of the
terms used — 2D CAD, 3D CAD, object-oriented, solid modelling, computer-
aided architectural design — or, rather, the important differences between
them. Much has been said about these terms over the years and many state-
ments are common. Penttild (1989) is typical of those who strive to explain the
different computer-aided design techniques:

2-DDraughting CADsystemsoffer toolstocreate 2-dimensional drawings
with basic graphic primitives such as lines, arcs, curves or text-elements.
[...] Draughting systems are mainly used to produce working drawings,
substituting hand drawing, since their features seem to match best into
thiswork. [...] Amodel created withacommon 3-D CADsystemis purelya
geometric model with information about geometric basic primitives —just
symbolically representing building components or concepts.’
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The words of Bjork (1995), regarding building product data models, can be
used to comprehend the term solid modelling object oriented computer-aided
architectural design:

‘A building product data model models the spaces and physical compo-
nents of a building directly and not indirectly by modelling the informa-
tion content of traditional documents used for building descriptions.’

In his foreword to the book CAD Principles for Architectural Design by Peter
Szalapaj, one of the pioneers of CAAD, Aart Bijl argues that:

‘Developments of CAD in architecture have a somewhat back-to-front
history. Early developments during the 1960s and 1970s included com-
puter modelling of architectural forms, which supported a range of
analyses to do with building performance and buildability ... Later,
during the 1980s and 1990s, as computers became smaller and less costly,
so new developments had to be targeted at whole markets, such as the
market consisting of all architects. Market economics also resulted in
computer programmers becoming very distant from end users. Con-
sequently developments became less ambitious, offering drawing and
rendering systems that carried no data about what was being depicted.
It has taken a long time to get back to design modelling and analysis’
(Szalapaj 2001).

Even if you can trace ideas about CAAD back to the 1960s, you would find
that very few architects within architectural design offices actually had ac-
cess to computers (and CAAD tools) before the middle of the 1980s (Fridqvist
2000). When the CAAD era finally dawned for those architects, it was pure 2D
draughting tools that occupied most of their CAD time. Eastman (1999) states
that 2D systems best responded to the requested task of producing produc-
tion drawings and that the dominant usage still was based on using CAD as a
graphics editor. Eastman remarks that:

‘The challenge before us is to develop an electronic representation of a
building, in a form capable of supporting all major activities throughout
the building life cycle.

He also offers the opinion that it is possible that the user community’s recogni-
tion of the advantages of building modelling could evolve only after a period
of electronic drawing and simple add-on applications.

Without starting a discussion on the impact of the marketing power of
certain CAD programs (or rather their vendors) we can stress that instead of
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modelling tools, it was draughting tools that were increasing in number in
architectural design offices. This was the case despite statements of the form:

‘Already today’s tools will allow digitising of whatsoever data, and this
will also be the case in the future...” (Penttild 1989).

Nonetheless, a few architects involved in practical (as distinct from research
and development) projects used commercial modelling programs and made
solid building models, transferring data and plotting drawings from the
model core. At the time, they lacked theoretical knowledge of object-oriented,
solid modelling and they did not appreciate exactly how the programs worked
deep inside, but they used them daily. Therefore, it is interesting to read litera-
tureabout object modelling from the years around 1990, where the authors still
talk about prototypes and mostly discuss different data transfer formats and
the standards that modelling programs should follow (Bjork 1993; Wikforss
1993).

While practising architects in those years successfully communicated (and
still do) with other consultants using the two AutoDesk (the software compa-
ny developing AutoCAD) file formats DXF (Data eXchange Format) and DWG
(AutoCAD’sinternal format), progress in the standardisation field covered file
transfer formats like STEP (Standard for the Exchange of Product Model Data,
which is an ISO standard); NICC (Neutral Intelligent CAD Communication);
and lately IFC (Industry Foundation Classes). Few examples are to be found
of the latter’s use by practising architects.

Even today, we see few practical examples of the creation of a robust CAAD
model, with all the information about the building within the database. True
enough, there are some architects working with modelling tools and manipu-
lating different information from the database, enabling them to follow their
own direction of interest, but no one seems to have built the model, using all
the possibilities available in a CAAD modelling system.

Examples of CAAD model building

Much of this section is based on observations by the author, reflecting his
experiences in practice over some 13 years. During this period, many build-
ing models were created that can be seen as examples of different methods of
building data models, from the first struggling attempts to more refined and
confident methods. Many were built as commercial models in an architectural
design office, in collaboration with clients, authorities and other consultants.
Models were also built in collaboration with researchers at Lund University.
The CAAD program being used was the commercially available CAAD soft-
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ware, ArchiCAD, by Graphisoftin Hungary: a popular package in Scandinavia
and the UK.

The first tentative models built in the office in the late 1980s were merely
meant to be used as plan drawings, mostly at a scale of 1:50. For presentational
purposes, the 3D information was also used to some extent. From the very
first project, digital communication with other consultants was established,
but the communication handled only plan drawing information. Instead of
sending transparent drawing copies, DXF files were now sent on floppy disks.
There were some technical/practical problems in the beginning but they were
solved during the process. The various actors learned quickly, and after some
projects all kinds of plan drawings to different scales were exported from the
models, along with sections and facades. Although at that time it was possible
to add more information (costs, manufacturer, delivery times and so on) to
the different objects it was never done. Clients did not ask for it and they were
unwilling to pay for the extra information. The full database information in
the models was not used to any true extent, mostly because of a lack of time for
active experimentation in the late 1980s.

The following years saw efforts in CAD modelling increase through the
more intelligent use of the system. For each new project, the layer system be-
came more and more important and was progressively developed. Finally, the
system had almost the same structure as the de facto industry standard, BSAB
(Byggandets Samordning AB) system, but with other names and numbers.
Consequently, the homemade layering system was changed to a layout fol-
lowing that of BSAB. But since BSAB only covered the actual building and not
any parts of the design process, some extra layers were added to the system
concerning pure 2D objects such as texts, lines and so on. Some other layers
were also added for specific 3D perspective reasons. ArchiCAD handles some
building parts in the way that they reside in a specific library and pointers
are placed from the model to those objects. This library was also organised
following the BSAB system, as catalogue libraries are normally organised in
architectural design offices.

Soon afterwards, at Lund Institute of Technology, it was possible to test dif-
ferentmethods in building solid models. Thisbeganin 1991 at the Department
of Computer Aided Architectural Design and the Department of Construction
Management, and several models followed. At the same time, a quantity and
cost calculation program, SYRE, was developed. SYRE could import values
from the database of a CAAD model, enabling cost and time data to be linked;
however, it was not necessary to add these data to the CAD model’s database.
SYRE combined the exported quantities with cost and time data allowing cost
and time estimates to be produced. This feature was used subsequently in
practically all models developed in Lund.

The models generally adopted different approaches to the treatment and
use of a solid model. The first model was used to make a comparison between
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two types of information —in this case a 3D model versus plain drawings — to
determine their comparative usefulness in supporting decision-making con-
cerning the building. One model demonstrated alternative solutions. Another
model illustrated the working site and the construction work. By using the
different drawings from the designers and the timetable for the construction,
the model was built in chronological order, week-by-week, to produce what is
commonly termed a 4D model —see Chapter 21, Using 4D CAD in the design and
management of vertical extensions to existing buildings. This model was also used
for the working site planning. One model, consisting of many, almost identi-
cal, buildings (in this case, houses), was used for quantity/cost estimation and
presentation to the client, users, authorities and the public.

Economic and technical comparisons between a timber-framed structure
and the same building with a concrete structure formed the target application
for one of the models. The aim of the latest model-building projectin Lund is to
understand, from the early design stage, the waysin which buildings canharm
the environment. In this case, environmental data were not added directly to
the model database. Instead, they were exported to SYRE in the same way as
mentioned earlier for cost and time.

Research project

Project description and objectives

One of the primary benefits from the experience gained in the modelling ac-
tivities and developments described in the previous section was that a variety
of data could be introduced into the database model of the building. This has
opened up many possibilities that are now being investigated as part of the au-
thor’s research project. The main objective of the project is to demonstrate the
practical usefulness of an object-oriented, solid modelling CAAD program in
the design process, the construction/production process, the facility manage-
ment process and the demolition process. The expectation is that the CAAD
modelling tool will, if it is used in an intelligent manner, create cost estimates,
check thebuilding’simpact on the environment and produce schedules for on-
site working; other applications are possible. Another objective of the research
is to show how a CAAD program used this way can enhance communica-
tion between the different actors in the design and construction process and
double as a decision support system for the architect and others with specific
responsibilities.

The initial steps are to show the extent of what is possible so that fruitful
lines of research and development can be pursued. One of the early tasksis to
secure end-user interest by demonstrating that it is possible to produce tradi-
tional documentation, to satisfy the needs of the different actors and project



Communicating Project Concepts 261

stakeholders, from the database of a CAAD model. Thus, the first phase of this
project will concentrate on creating an object-oriented model using a typical,
PC-based commercial CAAD program and, from the database, export tradi-
tional documentation needed in the construction process.

Research methodology

The overall approach to the first phase of the project relies on a modified model
of problem solving advanced by Bunge (1983) — see Fig. 20.1.

The problem is that architects continue to produce standard documentation
using 2D draughting programs. The hypothesis is that it is possible to produce
the same standard documents from the database of a CAAD model. The em-
pirical survey will be to build a solid CAAD model and export the documents.
The theoretical survey will be tosummarise building and documentation stand-
ards, as used in Sweden, and to import them into the structure of the model.
The control will be the comparison between the documentation exported from
the model and that prepared in a traditional way. The evaluation of the results
could suggest that the CAAD model should be further tested for new benefits
in the design process.

Standard documentation

Before making the model and exporting documentation from it, it has to be
clear what documents are to be expected. Among designers there is consensus
as to what are standard or normal documents in the design process. Standard
and normal are, of course, words that architects normally choose not to use
and they will perhaps be reluctant to admit that they produce standard docu-
ments. It is natural that all offices do not produce exactly the same documents.
Nevertheless, there are similarities in the documents produced by different

Background .
knowledge Theoretical
survey
PROBLEM HYPOTHESIS Control or test
Empirical
survey
Evaluation
of result

Fig. 20.1 Description of the problem solving nature of the first phase of the research,
after Bunge (1983).
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offices and if one kind of standard document can be exported from the data-
base, certainly other, similar documents can be produced as well.

Asimplied above, knowing exactly which are the standard documents and
which are not is not of particular importance. Some kind of confirmation as to
what standard documents are has, however, to be accomplished in collabora-
tion with other actors in the design process. One method of finding out which
are the standard documents could be to ask a number of architectural design
offices and others; for example, authorities and contractors, to present their
documents from different projects, compare them and then finally settle on
some notion of the kind of standard documents used by a corpus of offices.

If the main purpose of this project was tobe about identifying standard doc-
umentation, it would be necessary to undertake a thorough survey. Since the
main interest in the project is to show that it is possible to export documents,
preferably standard documents, from the CAAD model, a simplified method
is sufficient; the documents have to be plausible as far as being representative
of whatis standard. The method willinvolve producing and presenting a list of
suggested documents to an architectural design firm, a public authority and a
contractor. After discussion with these collaborators, it is expected thata good
enough list of plausible documentation will have been produced.

CAAD model

Once the kinds of documents that are needed from the architect have been
determined, itis then possible to proceed to model building. First, some words
about this procedure. If the purposeis tobuild amodel only for exterior studies
of volumes and so on, itis a rather simple task. In that case, the model is merely
treated in the same way as a clay model, though a little more intelligent; but itis
still, more or less, like a simple clay model. If the model is intended to be used
for purposes besides volume studies, it is more complicated to build, or more
correctly, to structure the model. A very strict scheme has to be followed when
the model is built, if the intention is to put all possible information into it and
to export all types of documents, including drawings, from it.

This method of model building is leading up to what, in this chapter, is
meantby a CAADmodel. A complete, real building isbuilt, but digitally. Every
element in the model of the building must carry the same information as the
element in the real building. If a certain piece of timber in the real house is
made of pine, has the dimensions 45 x 45 x 1000 mm and is painted white in
three layers, using a specific paint and so on, the correspondent digital partin
the CAAD model must have the same information in the database. Otherwise,
it would not be possible to present all the information about it in the required
documents.
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In order to be able to represent specific building parts only in certain docu-
ments, onealsohastocreateasystem thatdirects therepresentation of the parts
to the correct drawings and text documents. This can be done with the help
of layers and layer combinations. The layers correspond to different building
classification codes and the different parts are put into corresponding layers.
Layer combinations gather parts belonging to the same specific representa-
tion. Instead of using layers, the specific building classification codes can be
connected directly to the parts themselves. This latter method is certainly the
more correct way of building a model, as each part should carry all necessary
information, including the code needed by the classification system.

The model will be based on ArchiCAD 7 from Graphisoft, and is a standard
product. For this reason, some localisation is needed. Preferences need to be
set to cater for differentregulatory requirements, customs and practices. How-
ever, experience of the use of this particular software package means that some
aspects can be shortcut. Settings to change are, for instance, the layering, the
object library organisation and drawing frames. Since the model is going to
take benefit from the Swedish standardisation systems, the layer system has
tobe structured following the BSAB system. Likewise the object library has to
be organised in the way the BSAB is structured.

The actual model in this project will be one of a fairly simple building, but
one that is fully designed though not necessarily built. The intention is to use
the full documentation for a building, designed by an architectural design
firm. The model will be built thoroughly following the design details pro-
duced by the architect.

Exporting documents from the CAAD model

When the model is fully built, the next step will be to export the different
documents from the database. ArchiCAD has a number of templates and other
functions to create documents in addition to drawings. That said, drawings
have never been a problem to produce from a solid model and in this research
project the drawings will, of course, be shown too. The intention is to export
and print or plot the different documents, so that a complete set of docu-
mentation concerning the building is created. These documents will then be
compared with the original set of documents produced by the architect of the
building from which the model was built. The reason for the comparison is
to see whether or not the documents made in these two different ways com-
municate the same information.
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Research results and industrial impact

Quantification of results

Besides the solid model built in this project, the results are primarily the ex-
pected standard documents. So far, it has not been decided which documents
will be produced. A tentative proposal is as follows:

* plans, facades and sections at different scales;
e clevations at different scales;

e details at different scales;

¢ materials and workmanship specification;

* room descriptions;

* quantity calculation (export to SYRE);

* still exterior images (perspectives); and

e still interior images (perspectives);

plus the following documents:
¢ walkthrough animations;

¢ VR animations; and
* shadow pattern animations.

Implementation and exploitation

Itis inviting to believe that architects will, in the near future, use CAAD mod-
els as the major tool in the design process. The expectation is that this project
will have contributed to the implementation of CAAD modelling methods. In
the long term, this first step will have hopefully led to the full implementation
of CAAD modelling in which all necessary information used in the project
from design, through construction, to facilities management and demolition,
willbeintegrated. This hope can perhaps be considered as a true form of build-
ing simulation. That said, the research project does not intend thatnew CAAD
programs should be created, but that the full potential of suitable commercial
CAAD modelling programs may be demonstrated. In this simple but direct
way, it is hoped that designers and other actors will move closer together to
accomplish a higher level of communication that will serve the client.

Conclusions

The project discussed in this chapter is intended to show that it is possible to
put necessary information into the database of a CAAD model, and thereafter
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extract it to produce traditional documents. By building a complete CAAD
model using a normal commercial CAAD tool and presenting all standard
documents expected in the building design process, this project can perhaps
encourage architects to move from the use of 2D draughting systems to mod-
elling tools. A first step is to help architects become confident in their use of
modelling programs by demonstrating that they are capable of producing
documentation in forms that are consistent with their needs and, importantly,
those of the other actors and stakeholders in a project. If this is achieved, one
step has hopefully been taken towards a more refined use of CAAD modelling
tools. One of the aspirations for this focus on a more dimensionally complete
approach to handling design and other information is that it may help the
different actors in the process to communicate their ideas better through a
common or shared model. It will reduce errors and provide a consistency of
purpose in driving through an evolving and better-elaborated model of the
building, upon which owners and occupants can place real value.

References

Bjork, B.-C. (1993) Byggproduktmodeller — Nulige, Stockholm: Byggforskningsradet (in
Swedish).

Bjork, B.-C. (1995) Requirements and Information Structures for Building Product Data Mod-
els, Espoo: VIT Offsetpiano.

Bunge, M. (1983) Treatise on Basic Philosophy, Vol. 5: Exploring the World, Reidel: Dor-
drecht, Holland.

Eastman, C. (1999) Building Product Models: Computer Environments Supporting Design
and Construction. Boca Raton, FL: CRC Press LLC.

Fridqvist, S. (2000) Property-Oriented Information Systems for Design, Lund: KFS.

Gero,]. (1985) An overview of knowledge engineering and its relevance to CAAD, Com-
puter-Aided Architectural Design Futures, Cambridge: University Press, p.107-19.

O’Connell, D. (1983) eCAADe, Digital Proceedings 1983-2000, eCAADe (Education in
Computer-aided Architectural Design in Europe), p.1.2.

Penttild, H. (1989) eCAADe, Digital Proceedings 1983-2000. eCAADe. (Education in
Computer-aided Architectural Design in Europe), p. 3.2.9.

Szalapaj, P. (2001) CAD Principles for Architectural Design, Oxford: Architectural Press.

Wikforss, O. (1993) Informationsteknologi tviirs genom Byggsverige, Solna: AB Svensk
Byggtjanst (in Swedish).



Chapter 21

Using 4D CAD in the Design and
Management of Vertical Extensions to
Existing Buildings

Susan Bergsten

Introduction

266

The demand for apartments situated in city centres is presently high and is
likely to increase. Extending existing buildings vertically and horizontally
has been a frequently-adopted approach over the centuries in older cities. In
some cities, apartments have been added to existing buildings such as shop-
ping centres, offices and multi-storey car parks by vertical and/or horizontal
extensions or conversions. However, poorly constructed vertical extensions
have led to buildings collapsing and hesitancy by owners to contemplate such
developments. Traditional methods of construction are generally used for
vertically extending buildings, but are often not cost-effective (Andersson
& Borgbrant 1998). Further development within larger and more compact
cities must therefore make use of lighter building materials, novel building
techniques and more efficient production processes. Even so, there is bound
to be concern over the certainty with which newer materials, techniques and
processes can provide an adequate and safe solution.

Designers are accustomed to producing mock-ups of the end product for
communicating their ideas and, perhaps later, for production planning and
control. Usually, these mock-ups are physical scale models, but increasingly
3D CAD systems are used to portray the end product. 3D cannot, however,
take account of the production process without extensive adaptation. The 4D
concept represents geometrical product (3D CAD) information together with
process information (time) and offers a way forward for owners and designers
who are considering complex additions to existing buildings.

This chapter describes the potential for the industrial production of light-
gauge steel framing systems coupled with the use of 4D CAD. This is seen as
a potentially cost-effective alternative for the vertical extension of existing
buildings.
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State-of-the-art review
Vertical extension of existing buildings

In most capital cities, and Stockholm is no exception, one of the most cov-
eted places to reside is in the city centre. A consequence of this interest is
the creation of more densely populated areas, where every possible space for
accommodation is considered. In fact, many buildings in the historical parts
of European cities have been extended once or even several times over long
periods, as Fig. 21.1 shows. Bergenudd (1981) gives many examples of the verti-
cal extension of buildings.

More recently, conversions and extensions to existing buildings have been
successful in several countries; for instance the United Kingdom, Netherlands
and Sweden (Verburg 2000; Hiller et al. 1998). Another example is that of the
Robert L. Preger intelligent workplace, which has received an award for in-
novation under the auspices of IDEAS (Innovation Design and Excellence in
Architecture with Steel Award 2001). This particular building is a one-storey
extension of an existing university building in Pittsburgh, USA.

A survey by Bergsten & Wall (2002) on the vertical extension of existing
buildings in Stockholm was undertaken during 2001. The results of the survey
show that for vertically extended buildings, no special construction process
or building methods were used. Many of these projects have been expensive

Fig. 21.1 Vertical extensions in the seventeenth and eighteenth centuries (Ber-
genudd 1981).
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and only made possible because of a local boom in the construction sector.
Three vertical extension projects have been studied in detail in this survey. The
projects are: Klarazenit with steel column and cast in situ concrete slabs; City-
Cronan with steel column and pre-cast concrete slabs; and Berzeliipark with a
combination of concrete slabs, steel columns and light concrete and steel slabs.
All these extensions offer between three and five additional storeys. In all
cases, the existing building is of reinforced concrete. Studies of these projects
have revealed many common problems as summarised below.

* The durability of the existing structure and foundation is a very important
consideration during the design of the new structure. On-site tests are
needed to confirm the quality of the construction. It is necessary to check
carefully the local strength of attachment points between the existing
building and the extension and, if necessary, strengthen them.

* Moisture control and weather-tightness (rainwater disposal and water-
tightness) are essential requirements for reducing the risk of moisture
problems during production and later in the use phase of the building.
During the construction of vertical extensions some parts of the existing
building will be exposed and therefore vulnerable to the weather.

* Working space allowances on the construction site must be planned before
work commences in order to minimise problems from the lack of space due
to the strict boundaries of the site.

* The construction plan must be communicated to the people affected by the
work. It is not only for the benefit of those managing and working on the
site: there are neighbourhood responsibilities too.

e Logistics planning from, to and on the site is very important. Also, the
impact on traffic around the site, especially in city centres, has to be consid-
ered. At the same time the overall lack of space on the site leaves little space
for storing materials.

¢ Properly planned logistics on, to and from the site are vital for efficient
working.

As seen above, the problems related to vertical extensions are not uncom-
mon problems in construction generally, but are perhaps more acute in these
circumstances. Constraints on construction are often site- and geometry-re-
lated, such as in the vertical extension of existing buildings, where access and
movement restriction and other physical constraints imposed by the existing
building make the production process more complex. This implies that these
constraints must be carefully considered during design decision-making.

In vertical extension projects, it is also important to minimise disruptions
and eliminate hazards for neighbouring properties and legitimate activities
especially in the vicinity of the site. When altering the existing environment,
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Fig. 21.2 Modern vertical extension in central Stockholm.

several aspects must be considered and must be taken into account in the plan-
ning process:

¢ influences that the extension will have on the existing building;

¢ influences of the extension’s activities on existing activities; and

¢ influences of production activities on the everyday activities of the existing
building and its environs.

The trend in the 1960s and 1970s for flat roof construction has left its mark on
the townscape. In many cities, there are large areas of flat roof, underneath
which the existing structure has the ability to bear the extra loads from ad-
ditional storeys (see Fig. 21.2). To make the best use of these areas, it is es-
sential to develop building methods that are practicable, cost-effective and
appropriate.

Light-gauge steel framing for vertical extensions

The main structural components of the light-gauge steel framing system are
galvanised cold-formed steel sections. The system has been tested and is suit-
able for up to five storeys. Research and application have confirmed many ben-
efits from the use of light-gauge steel framing in housing, some of which are
mentioned below (Burstrand 2000; Gorgolewski et al. 2001; MacCarthy 1998):

e structural performance;

¢ ease of construction and deconstruction;

* lendsitself to pre-fabrication;

¢ reuse and recycling of material;

* good level of sound and thermal insulation;



270 Construction Process Improvement

* dry construction process; and
e improves the chances of consistent quality.

Light-gauge steel framed buildings with their lower weight, when compared
with other traditional buildings, have been recognised as suitable for vertical
and horizontal extensions to existing buildings (Peterson & Oberg 2001). They
outperform similar concrete buildings in terms of their weight by a factor of
five (Burstrand 2000). Other experiences confirm the suitability of this method
for vertically and horizontally extending existing building (Toma 1999).

Another important attribute, as mentioned above, is its industrialised pro-
duction method. The design and manufacture of light-gauge steel framing
lends itself to pre-engineering for off-site assembly of elements, tight toler-
ances and simple site erection of the elements (MacCarthy 1998; Gorgolewski
et al. 2001).

Information management and 4D CAD

The use of 3D modelling is an important aspect of the industrial production of
light-gauge steel framing systems. In the past few years, the use of 3D model-
ling in design and the procurement of light-gauge steel framing systems has
increased. The 3D model defines the product and shares a common database.
This common database generates the latest version of drawings and informa-
tion for use by different actors. Many kinds of documents can be generated
from the model; for example, perspectives, material specifications, workshop
drawings and assembling drawings. The database can also produce data for
cost estimating, time scheduling, manufacturing and contract tenders (Ced-
erfeldt 1997). The product and the production process must be considered
during planning and scheduling. Linking a 3D model to the process is cur-
rently undertaken with the use of, for example, critical path method (CPM)
schedules.

The existence of the 3D model and visualisation techniques are effective
tools for representing production information in detail in order to shorten
overall time and increase project productivity (Koo & Fischer 2000; Akbas
2001; Webb 2000; Leinonen & Kdhkonen 2000).

The 4D concept can be described as a matter of connecting the 3D model
to the production process and trying to visualise the production through the
use of different colours — see Fig. 21.3 and, later, Fig. 21.4. By visualising and
building the structure in the computer, prior to work on-site, the 4D model can
help identify constructability and sequencing problems. Other benefits from
4D CAD are: better communication and co-ordination between project actors,
conveying the spatial constraints of a project, foreseeing hazardous situations
and safety matters. A 4D model also assists in visualising workflow on the
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Fig. 21.3 4D CAD concept.

site and the allocation of resources and materials (Koo & Fischer 2000; Staub
et al. 2000).

The results of a case study by Staub et al. (2000) show that today’s mecha-
nism for 4D model generation, adjusting the 3D model and linking it with the
schedule, is too complicated for everyday use. Furthermore, many constraints
are overlooked during detailed production planning. The time taken to create
a model depends upon the application of the 4D method, the level of detail
provided in the 3D model and the user’s knowledge. A vital consideration for
the project’s design is how work is organised on the site, especially in the early
phases. Also important is how work is brought on to the site and controlled.
Attention to these matters during the design helps to avoid conflicts (Howell
1999). Currently, research is being conducted into the automatic generation
of construction zones from 3D models to assist in construction planning and
scheduling (Akbas 2001).

Despite the enormous benefits promised by 4D modelling, Koo & Fischer
(2000) discuss some limitations in the method. Although 4D models can help
relatively inexperienced users to identify problems in construction projects,
they cannot convey all the information required for evaluating schedules and
activities. Users can easily infer physical constraints from the 4D model, but
non-physical constraints are harder to establish. Using different colours for
showing different activities can mean that models become quite cluttered,
leading to a loss of detail definition. Also, generation of rapid alternative sce-
narios is difficult and labour intensive. Besides, it is important to specify the
types of operation and the level at which detailing a 4D concept provides the
mostbenefit. Many contractors assume too quickly that the cost of CAD opera-
tors on top of 3D and 4D modelling systems is prohibitive. Research has shown
that by using 4D CAD in design and construction, overall productivity in the
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project will rise and many other benefits will accrue to the actors involved
(Staub et al. 2000).

Researchers who target the technical problems in 4D CAD often forget the
impactand difficulties of softer parameters. Problemsrelated toimplementing
4D thinking in the construction sector have been reviewed by Barrett (2000) and
canbe summarised as low organisational readiness, tacit-tacit emphasis, high
action and reactive orientation and economic turbulence in the sector. In fact,
these factors should be considered during the work of 4D CAD implementa-
tion. The efficient use of 4D CAD implies that the 4D concept and software
are implemented correctly. Targeting the technical aspects and not the user
aspects will result in disappointing experiences and a lack of realisation of the
primary benefits of 4D modelling.

4D CAD practice in construction sector

Today, there are many examples where virtual reality and simulation tech-
niques have been used successfully as, for instance, in the shipping industry.
The product model is used throughout the design, fabrication and assembly
phases, and 3D/4D simulations with connections to numerous databases (in-
cluding those for cost and time) have shown themselves to be a reliable way of
increasing productivity and competitiveness (Douglas 1994). Other examples
in the heavy engineering and process industries can be found.

The most frequent use of visualisation and 4D CAD in construction has
been in the marketing and pre-construction phase. Some attempt has, how-
ever, been made to facilitate visualisation during the construction process. An
early attempt by Bengtsson & Bergstrand (1999) to apply the 4D method in the
construction phase was by manually connecting differentlayersina 3D model
to a time schedule. Different time sequences in the production process were
introduced to different layers. By revealing or suppressing layers, various se-
quences of the production could be visualised (see Fig. 21.4).

More sophisticated attempts to implement the 4D concept in the construc-
tion phase have been undertaken by the Center For Integrated Facility Engi-
neering (CIFE) at Stanford University in the US, and have attracted industrial
interest.

Today, there are several 3D and 4D modelling tools on the market that have
been used by contractors (e.g. Bovis using Bentley) in pilot projects or case
studies (Webb 2000; Leinonen & Kahkoénen 2000). In Norway, a 4D model has
been used for the project Pilestaedet Park, using a 3D model and time planning
program. Other attempts at realising 4D methods have been seen in the inte-
gration of life cycle data with building and visualisation (Linnert et al. 2000).
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Fig. 21.4 Example application of 4D in construction.

Using 4D CAD for vertical extensions

Research indicates that the light-gauge steel framing system is a cost-efficient
alternative for multi-storey housing projects. Using 3D modelling systems for
design and production planning in the industrialised production of light-
gauge steel framing systems increases productivity on the project (Burstrand
1998; Cederfeldt 1997). Case studies reveal that light-gauge steel framing, to-
gether with 3D modelling, have reduced production costs by approximately
20% for multi-storey housing projects and increased overall project productiv-
ity (Andersson & Borgbrant 1998). Usually, contractors want to accelerate the
on-site works. In order to minimise construction time, industrial production
methods can be used (Fernstrom & Kampe 1998), although accurate planning
of resources, space and activities should be done early in the project and not,
as often is the case, for overcoming delays. By using 4D models and increasing
thereliability of the project schedule, an efficient route to more productive and
efficient construction process can be found (Akinici ef al. 1998).

Combining the use of light-gauge steel framing with 4D modelling also suc-
ceeds in bringing a degree of co-ordination and integration to the design and
production process that might otherwise be absent. 4D methods enable the
design team to simulate the co-ordination of the extension with the existing
structure. By considering constructability, production methods, interdepend-
ency of tasks and matching manpower to available work in the design phase,
changes and inaccuracy can be minimised. This will also minimise some of
the disturbance caused to the surrounding area.
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Visualisation also assists the project team by showing the status of the
project at any time. For example, the project can be simulated for the benefit
of neighbours of the site in order to inform them about the progress of the
project and how the project will affect them during different periods. Alterna-
tive designs for the extension can be simulated in order to determine the most
process-efficient solution. Logistical considerations, such as access to the site
for delivery vehicles and materials handling on the site, can be introduced, and
different scenarios tested. Lastly, the impact of on-site works on traffic flows
can be investigated in order to minimise disturbance in the vicinity of the site.

Research project

Project description and objectives

Extending buildings vertically, especially in city centres, is fraught with tech-
nical and managerial problems. Many of the problems have been mentioned
earlier and are particularly worrisome with respect to apartment buildings.
Since apartments, as compared with commercial buildings, have the highest
requirements for sound insulation and fire protection, they provide a de-
manding test-bed. The results of the research could also be applicable to other
building systems used for housing and commercial and industrial buildings.
Against this background, the aim of the research is to identify cost-effective
production methods for the vertical extension of existing buildings. The in-
dustrial production method of light-gauge steel framed systems, together with
the use of 4D CAD, is being investigated in order to support the achievement
of this objective.

Another aim is to produce guidelines for integrated design and produc-
tion methods when industrialised building methods are used. These will be
based on the most appropriate means for simulating industrialised produc-
tion methods and the implications of a given design.

Josephson & Hammarlund (1999) found that the majority of the defects in
construction could be ascribed to design, site management, subcontractors,
materials and execution of the work. This research project will therefore deter-
mineif the4D concept can help inminimising defects and thereby increasing a
project’s overall productivity. The productivity of the project will be measured
using the method discussed by Jansson (1996).

Research methodology

Casestudies willbe used as the primary approach for investigating new meth-
ods and new design and management tools (Yin 1994). A study of the design
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and production planning process within the respective projects willbe carried
outin close co-operation with the owners, designers and contractors. One case
study is being undertaken with respect to a highly industrialised construction
process using light-gauge steel for the vertical extension of an existing build-
ing in Stockholm. This study will also evaluate the design and the planning
process and the physical result with respect to quality, cost and customer sat-
isfaction. The usefulness of applying 4D modelling will be determined from
this work and can be summarised as:

* evaluating 4D modelling in comparison with the actual procedures for
design and planning; and

¢ drafting guidelines for implementing 4D thinking in the Swedish construc-
tion sector.

Research results and industrial impact
Tentative results

The expectation is that the results of the case studies will largely confirm the
utility of applying 4D modelling, especially to the problem of the vertical
extension of existing buildings. This will be based upon industrial produc-
tion methods using light-gauge steel framing. It is further expected that the
case studies will provide hard evidence of the extent to which this approach
is able to minimise the duration of work done on the site and disturbance to
the neighbourhood. Evidence of a lower than normal requirement for storage
space on-site will also be expected to emerge.

Implementation and exploitation

The application of the approach outlined in this chapter will also be consid-
ered for application to other types of building. Moreover, it is expected that
the results of the research will spin off into other areas of construction activity.
There appears no reason why 4D modelling could not be deployed on other
kinds of building and construction problem. Other uses for light-gauge steel
framing systems are likely to receive some measure of support from the suc-
cessful completion of this project.

Conclusions

The problem of extending existing buildings vertically, especially to provide
space for apartments, has been discussed in this chapter. Two strands of
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research are being pursued and attention has been drawn in the earlier sec-
tions to the current state-of-the-art in the application of 4D CAD modelling.
This has been set against the background of the availability of light-gauge
steel framing systems that potentially offer an attractive and speedy solution
for added accommodation in city centres and other densely populated areas.
The evidence so far collected would seem to confirm that the industrial pro-
duction of the light-gauge system, together with the use of 4D CAD modelling
to support production planning, would provide greater certainty of success
for projects involving vertical extensions. The case study method adopted in
theresearch is expected to provide specific evidence of the practical use of the
approach as well as highlighting changes that are needed within the construc-
tion sector for it to gain acceptance.
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Chapter 22

Importance of Architectural Attributes
in Facilities Management

Ulf Nordwall

Introduction

278

Thereis growing awareness of the importance of architectural quality to facili-
tiesmanagementand of theimportance of non-measurable, aestheticattributes
to the home and its occupants. For too long, practical and functional aspects
have dominated discussion of architectural quality in many fields including,
albeit more recently, facilities management. The results of this can be seen in
our homes. There are many apartments and houses in which the occupants,
despite measurable qualities, find it hard to feel satisfaction and make a home.
Slightly less than 40% of Sweden’s population live in multi-family apartments
(Andersson 1997) and it is this category of occupant that represents the highest
number of people who are dissatisfied with their home.

There are different reasons for this dissatisfaction, such as poor mainte-
nance, poor sound insulation, insufficient service and insecurity. The aesthet-
ics of the neighbourhood and the building also have a prominent position in
the evaluations that have been made. Statistically, those who live in apartment
buildings — often and rather crudely termed blocks of flats — are four times
more dissatisfied with the aesthetic qualities of their home in comparison with
those wholive in single-family houses. For the housing companies, this type of
dissatisfaction can result in vacancies and, consequently, financial problems.

Many of the measurable, practical, architectural attributes in facilities man-
agement — the functional attributes — cover what we can physically delimit,
measure and quantify. Practical attributes are conscientiously described in
housing research, that has been carried out in Sweden since the 1930s. This
information has been compiled into volumes of standards that are used in de-
signing today’s housing. These standards provide information on the home’s
practical functions; in other words, accessibility, fittings, physical attributes
such as heating and ventilation, as well as the design of the external environ-
ment. The non-measurable architectural attributes in facilities management
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are the qualitative aesthetic and symbolic attributes, that are vital to the indi-
vidual’s perception of the home and its place in an apartment building.

An implicit aim of facilities management is to maintain and modernise a
building so as to extend its usefulness and/or lifetime. Such an aim entails
developing knowledge and questions about the conditions that promote a
building’s architectural attributes and which conditions counteract them.
A wide range of conditions applies here: architectural, ideological, financial,
technical or conditions affecting the use of the building. If one such condition
points to demolition, it may suffice to demolish the building. The building can
perhaps be seen as unfashionable or maybe it symbolises something negative,
even though it can be used and is technically and financially sound. During
the progress of the research, another significant condition has been added,
namely a building’s changing function over time.

The purpose of this chapter is to examine the connection between architec-
ture and facilities management. Issues discussed include the significance of
physical attributes and the architecture of a building, whenitis to be managed
over a long period. Several research questions are addressed; for example,
which attributes of an apartment building are important to the facilities man-
ager and the user respectively? Do architects and occupants desire the same
architectural attributes? This study has two perspectives: one is to examine
the connection between architecture and facilities management, and the other
istorevealarchitectural attributes thataresignificant fromafacilities manage-
ment perspective. The objective of the research is to provide more knowledge
about these and other architectural attributes and therole they play in facilities
management. The findings of the research could contribute directly to reveal-
ing the architectural attributes that are significant from a facilities manage-
ment perspective, as an important step in adding value for the customer. This
implies their proper consideration during the design phase.

State-of-the-art review

The research, which covers the evaluation of architectural attributes and how
they impact on the process, is wide-ranging and involves many different dis-
ciplines. Literature studies, that underpin the research, have been undertaken
in both the architectural science and social science fields.

Managing housing
Many different actors are involved in a building’s planning and realisation

before it enters into the occupancy phase of facilities management. A common
metaphor for this combined building and management process is the relay
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race. The process entails specifications of the building’s space and functions
during the concept phase; while design, construction and choice of materials
take place in a later, scheme design phase. By the time the building has been
realised according to its specification and has been turned over to the facili-
ties manager, many actors have been involved with each passing the baton to
the next in line. The communication of information and the interpretation of
drawings are notoriously problematic. Lawson (1991) questions if the original
vision, with which the architect had to work, really survives this process. Law-
son points out the importance of all actors in a building project being familiar
with each other’s solutions and having a clear understanding of the final prod-
uct. It is easier to understand and deal with an event that is somewhat limited
in time, than along process in which control shifts from one actor to another. It
is,however, during the occupancy phase thatabuilding’s functions, durability
and other architectural attributes are ultimately put to the test, with time as
the judge of how the building will fare.

The annual cost of operating, maintaining and repairing housing in Swe-
den —a country with a population under 9 million — is estimated to be SEK 66
billion (€7.3 billion) annually (Statistics Sweden 2001). By anyone’s standards
this is an enormous figure, and one that is likely to be many times higher in
larger economies. Finding ways to reduce these costs could lead to substantial
social profits for society. Furthermore, of a total national wealth of approxi-
mately SEK 4721 billion (€523 billion) in 1995 (Statistics Sweden 2001), Swe-
den’s building stock accounts for approximately SEK 1493 billion (€165 billion).
Since building components wear out and have to be replaced, most surfaces
of buildings will have been replaced or changed in some way after 20 years.
Replacement of this order has an impact on total national wealth (Antonsson
& Lundin 1981).

Buildings are planned, designed and constructed over relatively short peri-
ods, yet they are required to be used for a long period thereafter. Effort is nor-
mally concentrated on the short-term creation of the building or the equally
short-term, temporary reconstruction in which room layouts are changed or
other elements, for example stairwells, are rebuilt.

Energy consumption, cleaning, the use of chemicals and waste disposal,
together with transportation that consumes fuel and emits greenhouse gases,
also take place during the facilities management phase. This implies that there
is arguably greater potential to save money during the facilities management
phase than in the planning, design and construction phases (Bjérkholm &
Svane 1998). The facilities management phase is between 25 and 100 years.
Seen from another perspective, this is a matter of running one of the country’s
most important sources of social capital.

Aspects of culture are carried into the future through the buildings and
urbanlandscape that surrounds us. We influence our buildings by using them,
by modifying them and through repairs and daily wear and tear (Werne 1987).
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Facilities managers are nowadays responsible for the changes that take place
in our buildings and sometimes we can see that our building environment can
be rebuilt many times before it finally breaks down (Lang 2001).

Facilities management, including maintenance, is a process that is con-
stantly being performed. The process is so common and routine that it can
pass unnoticed for those not directly involved — almost an invisible service.
This processis noticed more when itis not undertaken properly than whenitis
done correctly (Lundgren 2001). Correct maintenance is necessary for a build-
ing to function satisfactorily for users, as well as satisfying facilities managers.
Insufficient maintenance results in the building decreasing in value and in fu-
ture measures being more complicated and almost always more costly (Lund-
gren 2001). Poorly undertaken maintenance can influence the self-esteem and
comfort of those who live and work in the building. Taking care of buildings
also has to do with caring for people’s living environment. Despite this, main-
tenance is often considered to be a secondary work process (Rénn 1989).

During the early to mid-1990s, when construction was at a low level in Swe-
den (and many other countries), the focus shifted from new construction to an
increasing interest in the existing building stock. Good facilities management
has become the basis for competition and, by extension, this means that it is
easier to rent out or lease well-managed apartments. Occupants also tend to
takebetter care of such buildings and normally stay for many years (Lundgren
2001). Examples of clear, distinct changes in the management of apartment
buildings are found in the following statements by Junestrand (1998), stressing
the importance of:

¢ adistinct focus on the occupant as customer and an emphasis on long-term
customer relations;

* continuous rationalisation and cost monitoring; and

* better and modified skill requirements for personnel.

And, by Lundgren (2001):

* being aware of the significance of IT in the development of facilities man-
agement; for instance, computerising monitoring systems;

¢ improving communication between occupants and the facilities manager,
through the provision of quicker information;

¢ initiating more self-management;

¢ cultivating the housing stock; and

e investing to reduce operating costs.

From alonger-term perspective, itis possible toimagine many different organ-
isational models and methods of working for a facilities manager (Junestrand
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1998). The greatest interest for a facilities manager is to develop a long-term
relationship with occupants/users (Lundgren 2001).

Political and social dimensions

Ethnologist Karl Olov Arnstberg has studied and discussed, over a long
period, housing development from the Swedish building boom in the 1960s,
commonly called the Million Programme. In his book, Arnstberg (2000) sum-
marises texts and ideas he has been working with in recent years. The result
is a piercing criticism of Swedish housing policy as well as of the corpus of
Swedish architects. He describes the Million Programme as a gigantic build-
ing experiment in which the structure was important and not the human
being. Arnstberg also presents facilities management as a new area of activity
for architects. Once progressive housing contractors have realised the value
of successful facilities management, architects must also realise the value of
this activity. What do ageing, history, durability, occupant awareness and self-
management mean to the architect, Arnstberg asks?

Housing was constructed rationally during the Million Programme. De-
spite this, some of the housing has become very costly over the longer term.
Arnstberg complains that the construction sector is still much more conserva-
tive than the facilities management sector. Construction companies still have
the attitude that it is the building that is important, not the human being, and
companies build with technology instead of building for people. Many of the
housing areas from the Million Programme have been rebuilt once, twice and
even three times, and still the problem of vacant, unattractive housing has not
been solved. This is an example of poor economic practice for which occupants
must pay (Solberg et al. 2001).

In the Housing Bill of 1998, the Swedish government stated that the country
was essentially completely built after decades of large-volume new construc-
tion. The Billmaintained that production policy was becoming more and more
like housing policy and that priority was to be given to existing housing areas.
Considering the total lifetime of a building, the facilities management phase
represents up to 70-80% of the total cost (Fall 1999). Investments made during
the facilities management phase are many times higher than the acquisition
value (Jensfelt 1994). The greater focus on facilities management also depends
on managers’ increased awareness of competition if they want to make their
housing more attractive in order to retain occupants (Lundgren 2001). Knowl-
edge of architectural attributes is therefore important from a management
perspective in order to create better conditions for qualitative, visionary and
profitable construction. The maintenance of buildings takes place on many
different levels, according to Lundgren (2001):
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* Operationisaboutrunningabuilding from day-to-day. This may be adjust-
ing a time lock, changing a broken light, taking care of rubbish or cleaning
the stairwell.

* Repair or emergency maintenance is about fixing sudden defects and prob-
lems, such as a leaky tap or a blocked drain.

¢ Planned maintenance entails slightly larger measures that are performed
at regular intervals to maintain a certain standard for the building. An
example of this is sanding a parquet floor. It is possible to predict the meas-
ures that need to be applied. However, it may be difficult to predict exactly
when they will need doing, since the intervals for certain measures are very
different from building to building depending onlocation, original quality
and use.

¢ Extraordinary maintenance calls for measures that deviate from expected
maintenance. This may depend on damage or the discovery of so-called
hidden defects. The border between measures is blurred. Normally, how-
ever, decisions on measures are made on different levels. Repairs are un-
dertaken quickly by the building’s custodian and repairmen.

¢ Periodic maintenance is planned with the person responsible for facilities
management.

Many years may pass before a particular building is in need of attention. Even
so, a major housing company is likely to perform a multitude of measures
each year, across its housing stock. None of the measures raises the question
of quality per se, as they are largely concerned with maintaining the existing
condition. Costs are covered by current rents (Benjamin 1996).

Reconstruction, in contrast to maintenance, is not continuous. It is exten-
sive and aims at raising quality, normally to a level corresponding to a new
construction standard. This entails major investment, that often leads to a
change in the occupants of entire buildings. Changeover of occupants can
have a major social impact, which is not always desired by the occupants or
the facilities manager (Hurtig 1995).

30-year reconstruction has long been an established concept. The assumed
lifetime of services installations have generally pre-determined intervals.
After 30 years, the main distribution lines and pipework are considered worn
out and the ventilation system usually requires renewal. Improvements are
often simultaneous with the replacement of other elements, for example roof-
ing felt (Fall 1999). Measures tend to be major and require building permits
and associated specifications (Lundgren 2001). Technical requirements for
various attributes must be satisfied, including fire safety and accessibility for
people with impaired movement and orientation ability. The facility manager
or owner, at this time, often takes the opportunity to renew and change other
parts and systems (Lundgren 2001).
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Occupants are offered alternative housing during the reconstruction pe-
riod. With reconstruction, the owner renegotiates the rent with the tenants’
association on behalf of all occupants, something that is not done for minor
measures such as maintenance. The Utility Value Actassumesastandard price
for a certain number of rooms plus kitchen, a price that is then modified up-
wards or downwards, depending upon the building’s location in the townand
the apartment’s location in the building — if there is a lift, a balcony, a washing
machine in each apartment and so forth. Itis possible to argue for architectural
qualities, but this is seldom accomplished, and it is generally easier therefore
to argue for technical equipment.

The national financing system, including the renovation and extension
grantsnormally designated as ROT, that existed in the 1980s, often encouraged
housing owners to collect a number of minor measures into one major meas-
ure. For a facilities manager, it could be cheaper to tear out kitchen fixtures
than to renovate them. It was appealing to take advantage of this opportunity,
and the new fixtures were supposed to last longer than those being removed
(Lundgren 2001). Ironically, the results were not always what was expected
when untested material was installed. Cupboard doors made of melamine, for
example, turned out to be impossible to repair and were quickly exchanged
(Niklasson 2001).

Vidén (1990) reveals that reconstruction undertaken mostly during the
1980s did, in many cases, exceed the building’s purely technical needs. What
is worse is that occupants, especially those in housing areas dating from the
1940s and 1950s, often felt that the measures had been unnecessarily extensive,
that many appreciated qualities had been removed and that they had been
given little opportunity to voice their opinions in general and had, therefore,
been run over (Hurtig 1995).

According to thinking in the USA, where the concept of facilities manage-
ment has been used since the 1980s, management is taken to mean a type of
service company that sells the service of living to users who are the customers.
Williams (1996) maintains that of all management disciplines, facilities man-
agement is the one with the most potential for further development. There are,
however, risks that conditions for good management can be poor, if ambitions
to save time and money are too high and are not compensated for by seeking
new work methods, such as continuous training or finding new norm systems
to follow (Sweeney 1996). When occupants become the focus of attention, the
building can no longer be regarded as simply a technical product to keep out
the rain and cold; it becomes a home, that must take on the form the occupants
desire (Fall 1999).

Apartments can differ significantly from one another. A basic standard
can always be offered, but different options provide freedom of choice and a
feeling of homeliness. People seek different types of homes during different
stages of life. This must affect facilities management, that should be under
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continuous development (Jensfelt 1994). If the bicycle storeroom is located at
an inconvenient distance, there is a risk that occupants will take their bikes
through the stairwells and apartments and out on to the balcony, an action that
soils, damages and wears out surface material.

A building constructed of material that ages well, allows greater freedom
in terms of maintenance. An old brick wall is beautiful, while a peeling sheet
metal facing must be repaired immediately (Jensfelt 1994, 1996). If a building
falls into disrepair for a longer period, extensive repairs will most likely be re-
quired to restore the building to a condition suitable for habitation again. Such
measures will be major and perhaps even technically complicated as well as ex-
pensive. The risk that the original architectural values become corrupted rises.
Continuous maintenance extends the lifetime of different parts of the building,
but gradually damage will arise which must be repaired. These repairs can be
done in many different ways, depending upon the level of concern over the
building’s character and cultural or historical value. The problem that the fa-
cilities manager sees in the short term is that continuous maintenance is costly,
but to avoid undesirable and drastic situations later, it is necessary to inspect
buildings on a regular basis to ensure that they are continuously maintained.
Measures must be taken before major damage occurs (Niklasson 2001).

Occupants can have an impact on facilities management; for example,
through their association. Even the landlord can increase the users’ potential
to influence management, both collectively and individually. Another pos-
sibility the users have to influence facilities management is through the ten-
ants’ association, which meets a few times each year. When a building is to be
reconstructed or extended a meeting is always held (Lundgren 2001).

Research project
Project description and objectives

Themain purpose of thisresearchis toidentify the relationship between archi-
tecture and management and to describe a number of architectural attributes
that are influenced by the selection of facilities management strategies. The
identification of these attributes is needed in order to show how they impact
on a building’s lifetime and ageing, thereby providing more knowledge and
understanding of important aspects of a building’s long-term value. The cen-
tral questions in the research are:

*  Which architectural attributes are significant to the management of the
facilities?

¢ How can management of the facilities preserve or develop these architec-
tural attributes?
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The preliminary sets of architectural attributes are: durability, change, re-
newal, material, execution and planning.

Research methodology

The research involves collecting facts and knowledge about the relationship
between the three variables: architecture, management and occupants. As
Jensfelt (1996) argues, these are considered best obtained through observa-
tions and practical studies. In order to discern the relationships between these
variables, case studies have been used. While case studies have thus been
selected as the primary method of enquiry, central to this approach is that
hypotheses are generated and created from data that have been systematically
collected from fieldwork. Data consisting of findings from interviews with oc-
cupants, architects, managers, contractors and municipal authorities etc. have
been used to formulate and test the hypotheses. The application of Grounded
Theory Method is significant in this respect, since the research is not based on
preconceived ideas or theories (Barney & Strauss 1967). The specification of
any hypothesis is a final product rather than a pre-condition for the research
(Starrin & Svensson 1996).

Triangulation is a concept that is particularly helpful to researchers, not
leastin helping to confirm or substantiate findings, and hasbeen adopted here.
Different methods, such as interviews, observations and physical examples,
are combined to support examination of one and the same unit (Merriam
1994). The method generates data, that contains as many dimensions and
qualities as possible in order to test and develop theories (see Fig. 22.1).

The qualitative approach seeks concepts and quality contexts, based on
observations. Here, ithas the purpose of revealing architectural attributes that
are important from the facilities management perspective. Twenty-five inter-
views were carried out during 2000 and 2001 among architects, contractors,
facilities managers and occupants. The resulting theory describes aspects of

/\ Attributes
Data Theory <:> Categories

Concepts

Fig. 22.1 Creation of categories, attributes and concepts through the interaction of
data collection and theory.
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those architectural attributes that are important from a facilities management
perspective.

Research results

The study was based on six sets of attributes: durability, change, renewal,
material, execution and planning. These different fields of attributes can be
said to represent different scientific disciplines in the traditional sense: the
humanities, business management, engineering and architecture. The pur-
pose of each set of attributes is to formulate relevant and treatable problems,
as well as to discuss, compare and develop methodologies. In this respect, the
attributes raise as many new concerns as they address existing questions.

Durability

Various choices (material, technology, maintenance, reconstruction/renewal
etc.), that determine a building’s durability, are often based on financial mo-
tives. Durability, in the technical sense can, somewhat simplified, be described
asdurablein time (i.e. desirable technical attributes are maintained over time).
Itis possible to talk about the durability of a particular material, of structures
(load-bearing and non-load-bearing), building components or outer surfaces.
Durability often determines a building’s way of ageing and, consequently,
the architecture and its expression. Values of durability are significant to the
way we see buildings and their lifetimes. Today, the management of buildings
has gained greater attention and apartment buildings are seen as an asset to
a greater extent than before. The values that steer the management of existing
building stock are also vital to durability. Not only must management, with
its eye to maintenance and change in use, be constantly placed in relation to
the value of apartments, but also social, cultural, historical, community and
symbolic values are essential to the lifetime of the existing building stock.
Values pertaining to durability are closely related to the same basis of valu-
ation as facilities management issues. This mutual basis of valuation is being
studied tobe able to distinguish what is mutual as well as that which is specific.
The change in values that takes place over time is central to the interpretation
and understanding of why different buildings can be perceived as outdated,
despite having qualities such as good technical and material durability (Ryb-
czynski 1988). Architectural styles and expression change with time and our
perception of style and expression changes continuously. A building’s mate-
rial durability can, often, give way to aesthetic changes in a valuation system.
Social values of what our homes should be like and how we should live can
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mean that a building’s durability is re-evaluated. What time perspectives are
expressed in our view of durability and resource conservation during differ-
ent eras? How has our view of durability shifted as it pertains to material and
building engineering?

Change

A building is erected for a special purpose and is normally expected to last a
long time. The original use will sooner or later change (Jensfelt 1978). Even if
the building’s function remains, the building will be outdated when modern
ways of living demand new rooms, fittings and services installations. Some-
times, the building’s original function becomes entirely obsolete. It can then
be changed and used for new activities and, if this is not possible, it will either
fall into disrepair or be demolished.

The potential and the desire to modernise, reconstruct and reuse a build-
ing determine its service life. For this reason, a building must have a certain
degree of universality, flexibility and potential for reconstruction to survive
changesin use (Berg 1994). Methods and principles for how extensions and re-
construction can be executed should be continuously developed; for example,
ideas about how old meets new in architecture (Cold 1989). This matter has
both aesthetic and functional aspects that carry different weights depending
on the type of project.

Research and (artistic) development follow two lines: one that is based on
the building and one that is based on the activity housed in the building. Can
we distinguish attributes in new production that are vital to future changes in
use? What ideas about the relationship between old and new in architecture
lead to good use of resources and good management? How can we design a
planning process that tests a building’s attributes and the specifications of an
activity, to find an optimum solution from the perspective of facilities manage-
ment, architecturally and in terms of activity?

Renewal

The method used to solve an architectural problem, for example, executing
details, affects the management of the building. What attributes of a building,
its parts and building materials, are worth striving for from the perspective of
facilities management and sustainability? Is it possible to exchange parts of a
building and replace them gradually as needed? Do we strive for strength and
resistance or yield, the ability to escape movement caused by land settlement,
heat and damp? How do we achieve these attributes? Tough requirements
for a perfect outer layer and right angles mean that we often repair before it is
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technically motivated. In what way do modern demands for smoothness and
perfection affect technical solutions? Buildings can be repaired by unsuitable
methods due to alack of knowledge of the technology and material from which
the building was once erected. What knowledge about old and new building
engineering is relevant today, and how do we access this knowledge?

Materials

In earlier times, building materials were expensive in relation to the cost of
labour. Today, we generally have the opposite relationship. Producing materi-
als and buildings is labour-intensive.

In the past, limestone was carefully selected before firing. Timber was used
rationally: the core was for vulnerable parts of a building, such as door and
window frames and casements, and the outer layer was used for panels. Dem-
olition material was reused. Pre-industrial and early industrialised building
engineering was different from today’s building.

The shift from craft-based work to more industrialised processes has had
animpact on materials and construction, in terms of off-site manufacture and
work performed on the construction site. In building there has been a dis-
cernible move away from yielding materials and technology, to unyielding
—firmness, hardness, strength and insulation have gained greater importance.
Materials traditionally used in construction, i.e. stone, wood, iron, brick and
lime have, in the twentieth century, been used in combination with many new
materials. Different kinds of plaster, boards and insulation have replaced and
supplemented traditional materials. Some of these products are animitation of
genuine, traditional materials, yet they do not always perform as well as those
they imitate (Werne 1993).

Execution

Management is also affected by how building materials are worked, how they
are joined, by the degree of care used in execution and by accessibility for
maintenance. Different parts of a building have different lifetimes and must
be repaired or renewed within different time periods. What significance does
the choice of material and details have from a facilities management perspec-
tive? The maintenance of a building must be based on an understanding and
knowledge of the existing building, the material used and the various craft
and production methods adopted. This knowledge is vital to the management
of existing building stock, as well as to new production. In what way can ex-
ecution and detailing influence and provide for better and more sustainable
construction and facilities management?
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Planning

The organisation of space in an apartment building means the organisation of
the rooms in the building and the relationship between them. In what way(s)
can therelationship between the home and utility spacesin the home influence
patterns of movement, wear and tear, facilities management etc?

Conclusions

Thus far, the results of the research have led to the identification of six sets
of attributes with non-measurable qualities. These attributes are durability,
change, renewal, material, execution and planning, and represent the tools
with which the research questions are being progressively analysed. Non-
measurable architectural attributes are providing insight into and knowledge
of the relationship between architects, occupants and housing companies in
terms of the design of apartment buildings, and the occupants’ relationship
with their home. The central tentative conclusion of the research is that non-
measurable architectural attributes in facilities management are significant to
an occupant’s perception of a home, and they are intimately connected to the
occupant’s process of appropriation and creation of meaning. Another conclu-
sion is that the facilities management aspect of architectural attributes can, in
the future, be a basis for competition and can give the building a value in the
same instant as it is completed.
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The construction process has been examined in all three of its product-related
phases: definition, manufacture and use. Each of 21 main chapters, and the
projects they report, address a specific area of need. They are supported, in
many cases, by extensive literature reviews to establish the state-of-the-art
and from that draw out evidence to support the particular research problem
that is being addressed.

Awareness of literature published at home and internationally has been a
necessary part of this activity: rarely, if at all, are problems unique to a country
or region. Even if they were, valuable insights into problem solving would be
lostif surveys looked no further than the national boundary. The contributors
to this work have shown they are accustomed to searching for, and finding,
evidence from diverse sources to support their case. Furthermore, they have
provided the reader with access to literature from another culture and lan-
guage that would otherwise be inaccessible to most. For that, they are to be
commended.

Swedish construction has a concern about its future — a sentiment that is
echoed in many other countries — and is determined to concentrate its re-
sources into making strategically significant breakthroughs. One of the goals
of the Competitive Building programme is to raise the competence of the sector’s
workforce; another is to create agents of change — people who are able to think
strategically, while applying themselves to practical ways of improving the
efficiency of the construction process. Although there is much still to be done,
the results so far point to some measure of success towards these goals. In es-
sence, collaborative research between university-based teams and active units
within companies has been reported — in some cases, in much detail — and
shows how co-operation works in practice.

Identifying the most relevant and potentially fruitful areas for breakthrough
research is something that has to be done together. Even so, a crucial question
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is how the results of the research will be transferred and implemented in the
companies and the sector as a whole. How well does the research described and
discussed in the chapters really address current and future problems?

Characteristics of the research projects

Research projects can be classified in a variety of ways, but only occasionally,
if atall in some fields, are they assessed collectively against criteria that reveal
their contribution (evidential or potential) to science and industry. A national
programme, for which thereis focus and influence over resources and outputs,
has the opportunity to undertake this kind of assessment; indeed, it must.

For our purpose in this assessment, we have classified the research projects
reported in this work in terms of their orientation towards technical or human
aspects, product or process, academic or practical aspects and strategic or op-
erational aspects. The approach adopted in any given project depends on the
problem defined, indeed how it is defined, the researcher’s background and
experience, and the kind of outcome or specific results that the sector is seek-
ing. We now examine how the projects are oriented and discuss what this
means for improving the construction process and, thus, the sector’s prospects
for greater competitiveness.

Technical versus human oriented research

Technical research has a focus on questions about materials, technology and
construction. Examples would include improving the performance of concrete
and extending existing structures. Human oriented research has a focus on
questions in which knowledge and values, among other things, are needed
to be able to work with materials and techniques. Examples would include
dealing with relationships between the actors within a novel procurement
method and individual behaviour. In some projects, there is a focus on both,
but in general just one aspect is in focus.

Product versus process oriented research

Productresearch has a focus on the product, be it an apartment, house, factory,
floor or comfort conditions. Process oriented research is focused on the meth-
ods, procedures or courses of action needed to realise a product. The emphasis
is upon what shall be done and how it shall be done. Examples include how the
actors communicate, what type of tools they use to make the communication
effective, and how does experience feed back and learning take place? Most
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Fig. 23.1 Research projects classified according to their problem focus.

of the projects have a focus on process, but some of them forge a close link
between the process and the product. (See Fig. 23.1.)

Academic versus practice oriented research

Academic research is focused on discovering new knowledge. The researcher
can be searching for new formulations or connections between materials or
other substances. The end results are often found in other research projects,
where the new substance is critically analysed in order to find new applica-
tions. Practice oriented research focuses on questions that must be solved for
the sector, in particular, producers of goods or services. It may be to do with
finding a better tool or designing a new service. Evaluation of the results takes
place in a practical setting. Most of the projects are practice oriented.

Strategic versus operationally oriented research

Strategic research is focused on questions that are linked to general politi-
cal aspects, management issues and topics of interest to various disciplines.
Examples would include how to position a company in the marketplace to
take advantage of new or untapped demand and streamlining information
management systems. Operationally oriented research has more to do with
questions that are linked to work done on the construction site or in the fac-
tory. Examples would include improving materials handling and how to take
accurate measurements for assessing performance of some kind. Within the
projectsisadiversity of approaches, some touching on both strategic questions
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Fig. 23.2 Research projects classified according to their results focus.

(i.e. what should be implemented) and operational questions (i.e. how it should
be implemented).

Looking across the 21 projects, we can conclude that the focus for each
project is different, with different aspects emphasised according to the
problem definition. This implies that, generally, the research results have the
chance to be implemented in strategic, as well as practical, operational work,
and that in doing so improve efficiency and the prospects for greater competi-
tiveness. Moreover, an academic or scientific approach can be used to solve a
practical problem on a construction site: not only that, it may be the only way
that can lead to a workable solution. (See Fig. 23.2.)

Linking scientific research with the goal of industrial competitiveness

The approach taken in guiding the research, and in reporting on it here, has
involved setting five tests or criteria. These were discussed in various respects
in the Introduction and are summarised below, in terms of satisfaction with:

(1) thevalues for which we (the editors) stand, i.e. what we regard as rigorous
and testable;

(2) thethoroughness with which the subjecthasbeen surveyed, i.e. where the
researchers have looked;

(8) clarity in defining and delimiting the problem, i.e. how well drawn the
problem is that is driving the research;

(4) transparency of the design of the research, i.e. why the research is being
performed in a particular way; and

(5) critical analysis of the results, i.e. when and how the companies can use the
results.
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Inreviewing the above, in the context of the research reported here, we can see
evidence of different scientific and theoretical foundations or approaches; for
example, natural science, basic and applied research, positivism, hermeneutic,
social science and behavioural science. Each of these must be appropriate to
the problem being solved. Also, each requires different criteria for assessing
scientific worth and suitability.

Generally, we can say that an applied research approach often succeeds at
the implementation stage, or rather it is easily facilitated, as it raises the pros-
pect of practical benefits (for the companies) and, with it, brings improvement
to the construction process overall. This does not mean that other approaches
are unlikely to achieve the same, but they may require further research to
extract results that the sector can use directly.

One reason why satisfactory results are achievable is that the research has
been carried out from a distinct, scientific perspective in a transparent and
controllable way. Not all of this can be derived from the basic skills that the
researchers possess. Other steps must be taken. For the Competitive Building
programme, the researchers’ achievements cover, not only the results of their
research, butalso the acquisition of knowledge, skills and tools, much of which
is derived from progressive, formal studies. The overriding consideration has
been, therefore, that the researchers should, in every respect, strive for the
highest scientific (academic) level. To do this, they must be equipped for the
taskinhand. Considerable effort has gone into providing the researchers with
the key to unlock the door that leads to a deep understanding of the problem
in front of them and that also prepares them for others to come. This under-
standing is vital.

Implementation of the results in order to improve competitiveness

The type of application, or area of application, that we might face depends on
how well the problem definition is formulated. In the case of especially practi-
cal applications, the main concern in the formulation is how to facilitate im-
plementation of the research results. In the case of problems that have a more
academic basis, there will be work to do in transforming the research results
into a form where they can be successfully introduced into the practical world.
Naturally, the inherent character of the group that will share in the research
results has a decisive influence on how the results are handled, or should be
handled, by the company concerned.

Problem definitions that are well supported by essential theory can lighten
the task of putting the results into practice, where the recipients are people
who routinely work with matters of strategic importance. However, in the
case of people who work at the operational level, there may have to be some
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adaptation and further work to complete the information needed to enable
the results to be implemented. This may involve taking examples from daily
practice and using them to show where and how the research results fit in. This
means providing robust descriptions of the changes that the results necessi-
tate in terms of different ways of working and forms of communication.

Research results that require changes in power structures can be taken to
mean quite the opposite of what was intended, depending upon the different
perceptions of the different managers, professions and trades involved. Re-
search results that the company’s senior management understands and is pre-
pared to act upon may not be of much use or interest to middle management,
where suchresults may be greeted with considerable scepticism. Furthermore,
results that are worth much to specialists, for example, designers and those in
other technical disciplines, can be regarded as entirely unrealistic by skilled
workers on the construction site.

Answers that help deal with questions on the implementation of research
results within a company are the responsibility of line managers and the
researcher in question. The researcher’s responsibility is, in particular, to
communicate the results and the principal consequences these imply for the
company. The company’s management, including line managers, is responsi-
ble for determining the impact the research results have on their activities and
must attend to the changes that have to be made. Additionally, the researchers
must, within their project, incorporate an effective plan for implementation
that can bring out real gains for the company: this must not be regarded as an
afterthought. In the case of research supported by public funds, there will be
a duty to disseminate the findings widely. The company must be alive to this
and accept it as a formal commitment in return for the public’s funds and act
of good faith. It is of natural concern, therefore, that research results are avail-
able in reports and papers, as well as embodied in the researchers as bearers
of new thinking and know-how. Companies must recognise this new-found
knowledge and the skills that the researchers can bring, and be able to use
them positively and creatively.

Having taken the metaphorical key and used it to unlock the equally meta-
phoric academic door, the researcher must use another key to unlock the door
that leads into the company’s world.

A holistic view of research design

Designing research projects is a subject in its own right and for which there is
little space here. Even so, itis important, once again, to stress the importance of
problem definition. Improving the efficiency of the construction process and,
thereby, raising competitiveness within the sector, requires that attention be
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focused on problem definition. For companies, this will ensure that their long-
term aspirations materialise through the results of relevant research.

From the research covered in this work by the individual researcher con-
tributions, it is possible to see that the Competitive Building programme has
achieved some results of its own, notably closer ties between the universities
and industry. Implicit in our approach, as alluded to in the Introduction, has
been to ensure that problem definitions are formulated precisely and in co-op-
eration between the researchers, their academic supervisors and representa-
tives of the companies (their industrial mentors). The design of the research
projects and the work plans fleshed out from them are aimed at strengthening
those ties. The applied aspects of the research, in every sense of the term, have
been significant.

Implementation, that has been a major theme of this concluding chapter in
reflecting the aims of the Competitive Building programme, is the ultimate key
for everyone concerned. The test of good research of the kind promoted in the
programme is unquestionably about delivering results that the sector can use
and for which there is a clear and traceable path leading back to sound scien-
tific principles, theories and methods.

The achievement of these goals is explicit in the research plans for the in-
dividual projects. Good research design means that problems are correctly
defined and the most appropriate method or methods for finding solutions or,
at least, answers that lead ultimately to solutions, are selected. But in the end,
the real key to improving the construction process and, thus, competitiveness
in the sector is collaboration between researchers and practitioners; that is, in
this case, between universities and companies. The link between the emerging
research results and the matter of competitiveness has not been proven, but
neither has it been refuted. Time will tell whether the research results lead to
an improved process that, in turn, leads to greater competitiveness.



Index

2D CAD 256

30-year reconstruction 283

3D CAD 256, 266

4D CAD 260, 266-76
benefits 270-1
limitations 271-2

academic oriented research 294
action research 238
after sales 23
agents of change 2
agents-mechanism-effect 76
agile production 36
air flows 85
alliance 145
American Productivity and Quality Center, The
(APQC) 220
ArchiCAD 259
architects — writings of 240-43
architectural
attributes 278-90
design 240-53, 256
innovation 159
quality 2
theory 242
auditing process 230
audits 217,230
authority 214
AutoDesk 258
automobile industry 19

BASe CAAD 246-7
benchmarking 190, 199
best practice 225
BOOT 135, 156
BOT 135, 156
BPR 213, 215, 226
BSAB 259
BTO 156
building
and operations management 5
codes 107
failure 82

material 4
material market 183
physics 68, 82-3, 106, 112
related illness 94
research 1
business
excellence models 236
goals 213
performance 226
processes 213
Byggkostnadsdelegationen 31

CAAD 240
development 241
ideas 256-8
research 241
systems 241-2
tools 255
CAAD model 258, 262-3
building 258-60
exporting documents 263
CAAD modelling
system 258
tool 260
CAAD programs 241, 242, 255
prospects 248-53
shortcomings 245-8
CAD 38, 255
program 246
research 240
techniques 256
capillary protection 78
capital 4
goods 146
case study 162, 231, 274-5
cast in situ concrete 118, 119-20
change 288
CIFE 272
client
awareness 108
needs 108
objectives 205206
requirements 32, 108, 109

299



300 Index

CO, emissions 31, 39
coach 214
commercial
building 44, 195-209
environment4, 5
leadership 213
commitment 109, 145, 214, 227
of people 215,216
communicating project concepts 255-65
communication 4, 5, 108, 144, 145, 151, 187, 205
channels, 145, 220
technology 69
web 197
comparative study 161
competence 144, 185, 187
competition in tendering 131
competitive advantage 208
competitiveness 130, 139, 143
improve 2967
component standardisation 20
computer
industry 19
modelling 252
concrete 118
CONNET 70
construction
contracts 131
innovation 146
process improvement 292-8
Construction Industry Council, The (CIC) 157
Construction Primer, The 70
consumer uncertainty 198
contextual uncertainty 199, 207
continual improvement 4, 5, 214, 215, 217, 225
culture 237
continuous learning 145
contractual
problems 145
relations 130, 226
control units 146
cooling reduction of air 78
co-operation 143, 144
cross-functional 187
co-ordinated standard approach 133, 136
co-ordination of design and building processes
106
CoPS 146
core values 2267
cost
reduction 91, 183
savings 155
creating decision support 255-65
cross-functional
co-operation 187
groups 191
culture 185
customer
demands 4
expectations 215
focus 211, 214, 215,227
needs 213, 214, 215
orientation 2

relations 215
requirements 22, 214
satisfaction 4, 200, 214, 215, 217, 236
use 4
value 214, 215
customer-focused design 3
customisation of manufactured housing 15

damage 93
DBFO 135,156
DCMEF 156
decision
support 242
support during design 68
support tool 217
tools 68
defects 93, 96, 213, 216, 274
Dependency Structure 24; see also Design
Structure Matrix
design 23
activity 242
and construct approach 133-4, 136
criteria 106, 109
goals 242
methodology 241
object classes 249
practice 106
research 240-53
team 38
tool development 240-53
Design Precedence Matrix, The 24; see also Design
Structure Matrix
Design Structure Matrix, The (DSM) 24
development environment 188
Development Fund of the Swedish Construction
Industry, The (SBUF) xiii
deviations 216
diagnosing damage 98
disciplined integrated problem solving 197
divided contract approach 132, 136
durability 68, 287-8
Dutch Foundation for Architects Research, The
(SAR) 36
dynamic
capability 228
team 187

embodied energy 44
employees commitment 185
end user 108, 146
energy
conservation 48-50
efficiency 68
performance of buildings 44
transfer 106
use 106
ENEU 59
ENORM 45
environmental
assessment 101
awareness 211
EPD, Environmental Product Declaration 35, 41



EQUAL 137
errors 213
ethnography 161
European Parliament, The 44
Europeanisation 15, 28
evaluation of tenders 137-9
execution 289
existing buildings 93
experience 185
experiment 161
explicit knowledge 184
external
audit 235
collaboration 145
environment 195

facilities management 5, 38, 278-90
fact-based decisions 227
factual decision-making 215, 217
feedback

loops 146

of information 38
FEM Design Plate 125
Field and Laboratory Emission Cell (FLEC) 103
financial

commitment 145

risk 157

service industry 19
financially free standing project 135
Finite element methods (FEM) 125
future emissions 93, 96-7
FutureHome 15

Greenzone 46-54
Grounded Theory Method 286
group processes 176

Hand Arm Vibration Syndrome (HAVS) 120
health
aspects 61
check 235
healthy indoor climate 2, 93
heat flows 83-5
HEAT285
HEAT385
Hett 125
high performance concrete 118, 121-2
high-energy consumptions 106, 112
High-Performance Commercial Buildings 84
high-rise house building 119
histories 161
HK-BEAM 70
Hong Kong Tunnel 156
housing 31
human oriented research 293

IDEAS 267

IDEF0 method 221

IFC 258

implementation of research results 296-7
improvement processes 225-37
incremental innovation 159, 227

Index

individual performance 211
indoor
air problems 93
air quality 58,71, 94
climate systems 56, 60-61
industrial competitiveness 295-6
industrialisation 2
industrialised
building 3
production method 4
infiltration water protection 78
information 145
management 270-72
quality 211
success model 220
system success 219
technology 69, 220
initial cost 51
innovation 143, 154, 157-60, 228
key factors 148
principles 159
role of 157
theory 143, 144
types 159
innovative capabilities 144
innovativeness 143
integral building envelope performance
assessment 72
integrated design 33
and production 4
integrated life cycle design 31, 37
methods 32, 38
inter-firm alliances 145
internal audit 229, 235
internal auditors 230
internal environment 214
international competition 183, 211
International Energy Agency, The (IEA) 33
International Performance Simulation
Association, The (IBPSA) 71
internationalisation 211
Internet 219
inter-organisational collaboration 176
inter-organisational communication 145
inter-organisational processes 219
intra-organisational communication 145
involvement of people 215, 216
I-SEEC 70
ISO 14000 35,235
ISO 7730 63
ISO 9000 213, 215, 225,235
ISO certificate 235
IT solutions 38

Japanese manufacturing philosophies 106
JIT 226
joint ventures 135

Kaizen 215

know-how 4, 143

knowledge 144, 184-5, 186, 213
bearers 186

301



302 Index

creation 185
management 184, 186, 215
transfer 186

lack of marketing skills 145
LCA, life cycle assessment 32, 60
LCC32,34,44,45,83
analyses 50, 59, 60-61
approach 56
calculations 41, 62-3, 64-5
principles 58-9
research 58-9
techniques 34
tools 58-9
use 58-9
leadership 187,198, 214, 215, 235
lean enterprises 215
lean production 36, 213, 215
learning 4, 5, 144, 145, 151, 183-93, 230
arena 187,192
capacity 187
double-loop 184
environment 192-3
hinder 147
organisation 184, 185, 213, 215
processes 185,228
single-loop 184
life cycle design — tools 38
life cycle inventory 35
light-gauge steel framing 269-70
benefits 269-70
logistics planning 268
loss of project control 145
loss of technology 145

M4I, Movement for Innovation 31
maintenance cost 52-3
management

behaviour 226

commitment 227

information systems 211-23

information systems success 220
managing housing 279-82
manufacturability 20
market 143

control 2

demands 15

intelligence 198
marketing proficiency 203205
mass-customisation 36, 37
mass-production 37
material 289

properties in situ 101
meetings 191

MISTRA Research School of Sustainable Building

101
modular
architecture 20
design 18
innovation 159
products — benefits 21
system 19

Modular Functional Deployment (MFD) 22
modularisation 15
methods 22
modularity 19
module drivers 22
profile 23-4
MOIST 85, 88
moisture 106
control 268
damage 99
design 100
diagnosis 99
flows 86-8
measurement 71
mechanical behaviour 100-101
penetration 87
problem 112
status analysis 95
monitoring 229
motivation 109
multiple criteria decision air procedure 72
Museum of Modern Art, Stockholm, The 79
mutually beneficial supplier relationships 215,
219

National Institute of Public Health, The 69
NCC Housing’s Total Package Concept 221
networks 146, 176, 225

new concrete material technology 120-21
new products 144

NHER Evaluator 85

NICC 258

North Sea oil projects 155

object-oriented modelling 252
observation 231
open building 17, 18, 26, 28, 32, 36-7, 41
open industrialisation 26
operational energy use 44
operational uncertainty 199, 207
operationally oriented research 294
optimal building performance 106
organisation 4,5

change 144

communication 176

cost 52

development 212, 213

dilemma 198

learning 186, 230

process-orientation 211

stability 225

success 183
Our Way of Working 234-5

participating researcher 231
partnering
critical views 173-4
external environment 174-5
role of contracts 174-5
selection process 174-5
structures 168180
partnership solutions 154, 253



Partnerships Victoria Guidance, The 157
patent 199
paying client 108
performance
contracting 134, 136
indicators 68
measurement 229
measurement system 234
requirements 107
personnel 4
PFI (Private Finance Initiative) 157
physical status 98
P-label 70
planned design changes 23
planning 290
PPP (public-private partnerships) 135, 154-65
practice oriented research 294
pre-assembly 17
prefabricated concrete structures 39
primary emissions 97-8
private sector 154
Problem Solving Matrix, The 24; see also Design
Structure Matrix
problem-solving concept 198
process
approach 215, 216
improvement 3
innovation 158, 215
map 216
orientation 211, 212-19, 220
oriented research 293
quality 211
transparency 211-23
process-oriented organisation 211
procurement 130, 143
method 195
systems 136
product
architecture 20
change 20
characteristics 33
definition 4
development management 20
development processes 195
diversity 225
families 18,19
manufacture 4
modularisation — methods 27
oriented research 293
performance 20, 199
quality 219
requirement 217
use 4
variety 20
product platforms 18, 20
concept 19-20
creation 21
product value
assessing 199-200
chain 212
production 23
productive development 32, 197-8

Index 303

productivity 2, 183
project
concepts 242
efficiency 211-23
management 107, 192, 228
objectives 108
outcomes 200
performance 211
success 113, 115, 154, 212, 236
team 183-93
public sector 154
purchasing 23
behaviour 183

QFD, Quality Function Deployment 32, 33, 108
quality 23

awareness 226
Quality Council of the Building Industry, The 69
quantity surveying 38

radical innovation 159
rational plan 197
rationalised real estate redevelopment 5
real estate 4, 195
recycling 23
reduce cost 183
refurbishment 195-209
relationships 144
renewal 288-9
research
academic oriented 294
characteristics 293
criteria 6
design 297-8
human oriented 293
operationally oriented 294
practice oriented 294
process oriented 293
product oriented 293
strategic oriented 294
technical oriented 293
researcher education 2
residual service life 99-100
resource uncertainty 198
reward 144, 145
system 228
risk 82,95, 145, 154
capital 144, 145
distribution 157
transfer 157
RISK1 87
room air distribution 58
root cause 214

Swedish Council for Environment, Agricultural
Sciences and Spatial Planning, The
(FORMAS) xiii

schema evolution 249

science of finance 19

secondary emissions 98

self-assessment 217, 236

self-compacting concrete 118, 122-3



304 Index

self-generating process 228
services 146
services sold to the private sector 135
SETAC 35
sick building syndrome 79, 94, 106, 112
skill 187
social change 144
social pattern 211
socialisation 186
software package 146
Swedish Foundation for Strategic Research, The
(SSF) xiii
standard approach 132-3, 136
standardisation 17, 18
STEP 258
strategic oriented research 294
strategic planning 216
structural frames 123
styling 23
suppliers 146
supply 4
chain 212
chain management 36, 213, 215
sustainable development 2
Swedish Building Cost Commission, The 123
Swedish environmental law 79
Swedish National Testing and Research Institute,
The (SP) 69
symbols 249
SYRE 259
system
approach to management 215, 216-17
design skills 146
innovation 159
quality 211
theory 150
use 211

tacit knowledge 183
target-oriented teams 187
task uncertainty 198
team

composition 193

learning 186-8, 192

members 187
teamwork 187, 215, 226
technical

criteria 108

innovation 158

oriented research 293

proficiency 202-3

specification 23
technological

competence 143

errors 115

evolution 23

uncertainty 198
temporary alliance 225
temporary coalitions 146
tender — competition 131, 139
territorial thinking 187
TorkaS 125
TQM 213, 215, 225, 226

adoption 225-6
Treasury Taskforce, The 156

UK National Audit Office, The 156
uncertainty 145, 195, 198-9

levels of 198
unhealthy buildings 94
US Department of Energy, The (DOE) 84
user

requirements 146

satisfaction 211

value 143

chain 211, 219

chain management 212, 215
values 185
vapour protection 78
variance 23
ventilation

controls 58

principles 57-8

systems 58
vertical extensions 266-76
vibration moment 124
volatile organic compounds (VOC) 94

weather-tightness 268
white fingers 120
whole life costing 24-5, 34
whole life cycle cost 53-4
wicked problem — characteristics 243—4
work

performance 61

procedure 235
working space 268
writings of architects 240-43
WUFI 87



