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Abstract
The starting point for timber in multi-storey houses was the change of the 
Building regulations in 1994 which opened the Swedish market for multi-storey 
timber housing. Despite this the development towards increased multi-storey 
timber construction haven’t been as positive as many actors expected.

To fully take advantage of the potential of timber construction an increased 
theoretical and practical understanding of both the business and the process 
development is needed. Practical and theoretical tools that enable a joint 
development of timber engineering and prefabrication in wood construction with 
the markets dynamic demands on customisation and leanness, to competitive 
prises, are still lacking.

This thesis presents a pilot project in Sundsvall where a timber frame is tested in a 
set of high-rise apartment buildings. The project has been studied by a case study 
methodology with the main objective to describe and analyse the housing process 
when new actors and materials are introduced, in this case a solid timber frame and 
its producer, and to find methods that can be used to handle complexity and 
uncertainty in future solid timber frame housing projects.

The results indicate that complexity, in all important parts, is still handled by 
contractual agreements but also, to some extent, by building in larger time buffers. 
At the time being the interest in learning is large at the timber frame supplier, who 
is striving to get a foot onto the market, the other actors are more in need of 
manuals and handbooks than of personal, or organisational, tacit knowledge.

The conclusion is that the uncertainty that arise from the perceived complexity is 
mainly an effect of the lack of shared knowledge about, and planning for, the new 
technique and the new actors in the current project. This uncertainty might be 
handled in a more efficient way through adopting management practices e.g., lean 
construction and a more cooperative relation between the actors.

For future timber frame projects, four guiding principles are given: (1) work with 
teambuilding activities, (2) avoid development during demonstration projects, (3) if 
development is needed make sure that the actors are aware and (4) adopt a systems 
approach to design and production.
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Sammanfattning
Startpunkten för ökad användning av trä i flervåningshus var en lagändring år 1994 
som öppnade upp för byggnation av flervåningshus i trä. Trots detta har inte 
utvecklingen mot ökat byggande av denna typ av hus utvecklats så positivt som 
många aktörer hade hoppats och förväntat sig. 

För att utnyttja marknadspotentialen och öka effektiviteten i byggandet i trä, krävs 
en ökad teoretisk och praktisk förståelse för affärs- och processutveckling, som 
knyter samman den rena teknikutvecklingen i byggnation och prefabricering i trä 
med marknadens föränderliga krav på utveckling, kundanpassning, resurssnålhet 
och allt detta till konkurrenskraftiga priser. 

Denna avhandling presenterar en fallstudie av ett pilot projekt i Sundsvall där 
flervånings hus med massivträstomme byggts. Syftet har varit att beskriva och 
analysera husbyggnadsprocessen när nya material och aktörer introduceras, samt att 
finna metoder för att hantera komplexitet och osäkerhet i framtida projekt där trä 
används som stommaterial i höga hus.

Resultaten visar att osäkerheten i byggprocessen i huvudsak hanteras genom 
kontrakt men också genom att öka tiden för projektering. Stomleverantören är 
mycket angelägen om att lära sig mer om byggprocessen och på så sätt öka sina 
chanser att bli en konkurrenskraftig aktör på byggmarknaden. De andra aktörerna 
är mer intresserade av att få tillgång till handböcker och manualer som beskriver 
stomsystemet och hur det ska hanteras än av att öka det egna kunnandet om 
systemet.

En slutsats är att osäkerheten som uppstår av känslan av att trä är ett komplext 
material i huvudsak uppstår genom bristen på gemensam kunskap om, och 
planering för, den nya tekniken och de nya aktörerna. Osäkerheten bör därför 
kunna minskas genom att införa nya metoder för projektstyrning, t.ex. lean 
construction, och genom att aktörerna bygger närmare relationer till varandra. 

Fyra riktlinjer för framtida trähusbyggande ges i avhandlingen: (1) arbeta med 
relationsskapande aktiviteter, (2) undvik teknikutvecklingsarbete, (3) om 
teknikutveckling ändå är nödvändig gör klart detta för alla inblandade och, (4) ha 
ett systemperspektiv på projektering och produktion. 
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1 Introduction 
The starting point for timber in multi-storey houses was the change of the 
Building regulations (BBR, 2002) in 1994 which opened the Swedish market for 
multi-storey timber housing, under the condition that the functional demands of 
housing was fulfilled. Despite this the development towards increased multi-storey 
timber construction haven’t been as positive as many actors expected. The still 
rooted pre-justice against timber housing is often connected to moisture and sound 
level problems and that timber frames previously only was used in dwellings, 
barracks, booths and one-family houses (Höök, 2005). Hence, in the beginning, 
the challenges were in the technical development to find solutions for good 
acoustics, fire safety, enough load bearing capacity etc. The process- and 
production methods that were used in concrete and steel structures were adopted. 

To fully take advantage of the potential of, and to increase the efficiency in, timber 
construction, an increased theoretical and practical understanding of the business 
and the process development is needed. Practical and theoretical tools that enable a 
joint development of timber engineering and prefabrication in wood construction 
with the markets dynamic demands on customisation and leanness, to competitive 
prises, are still lacking.

1.1 Swedish timber construction development 
In Sweden, the direct employment in the construction industry represents roughly 
7% of the labour market (SCB, 2005) and the built environment is of great 
importance for the welfare for society. An extensive governmental evaluation of 
the Swedish construction industry states that, ideally, buildings should be 
functional, economical, sociologic, environmental, and aesthetical acceptable and 
attractive for long periods of time (SOU, 2000:44). Due to the recognition of the 
importance of construction for the society and the low productivity in the industry 
as well as the high costs (SOU, 2000:44, SOU, 2002:115) a building coordinator, 
with the task to increase the degree of industrialisation in construction, is 
appointed by the government.  

The same evaluation shows higher productivity in the manufacturing industry than 
in the construction industry. One essential problem in the construction industry is 
the fragmentation of  the industry (Baiden et al., 2005, Dawood et al., 2002, 
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Fredriksson, 2003) and the fragmentation between the actors in the value chain 
(Thompson and Sanders, 1998, Conley and Gregory, 1999). In fact, what we 
usually call the construction industry is actually rather an economic sector then an 
industry (Hughes, 2005). It is made up of several interdependent sub-groups that 
have different reasons for their participation in construction activities. This 
differentiation restrains the process and the supply chain to cooperate for delivery 
of the right product to the right price for the customer (Höök, 2005). Adopting 
some key concepts (e.g. lean thinking, partnering and organisational learning) from 
the manufacturing industry is pointed out as a possibility to reduce production 
costs in housing construction (SOU, 2000:44). 

One strategy for better achieving the right product to the right price is to increase 
competition and industrialisation, e.g. a construction process where everything 
follows a predicated plan, hence, a construction process with higher control of 
complexity. The Swedish government suggests that this could be obtained by 
increased use of timber in housing construction (Ds, 2004:1). According to Ds 
2004:1 an increased knowledge of timber housing construction among 
construction actors, more developed building systems for multi-storey (> 2 storeys) 
houses, and one-family house manufacturers acting as catalysts for increased 
industrialisation in housing. An analysis of Swedish timber frame house 
manufacturing (one-family houses and volume frame housing) also suggests that 
industrialised timber frame housing systems have the potential to reduce costs in 
housing construction (VA, 2004:02).

The cost of timber material does not make the most significant contribution to 
potential cost savings; rather, the main drivers for the cost reducing potential are, 
e.g. possibilities to increase prefabrication, to improve logistics, and to improve the 
construction process. Hence, the importance of developing market-oriented 
prefabricated building systems for multi-storey houses is pointed out in both Ds 
2004:1 and VA 2004:02. 

From the discussion above it can be concluded that the state of the art of housing 
construction, its development potential and its importance for society, makes 
empirical data collection and research findings within housing construction, 
scientifically relevant, with the potential for practical implications (Bergström, 
2004). An increased knowledge of timber frame housing is also relevant for current 
and potential actors on the multi-storey housing market, primarily regarding 
alternative production methods (increased industrialisation).  

In my licentiate thesis (Fredriksson, 2003) the purpose was to increase the 
understanding of what behavioural and other parameters that affects cooperation 
between timber component manufacturers and large construction companies. The 



Chapter 1 - Introduction 
    

3

results showed that the incentive for cooperating was to improve the economic 
situation for the actors, which should be achieved by mutual development of the 
studied solid wood construction system and through developing new working 
methods which supports focus on customers. The development within these areas 
was expected to contribute to development in other areas such as product 
development and environmental issues. These results were the basis for the 
research questions presented and discussed in this thesis. 

1.2 Objective and research questions 
This study presents a pilot project where a solid-timber frame, which is a new 
system, is tested in a set of high rise flat buildings in the inner harbour area of 
Sundsvall. This project is unique in many different ways, e.g. the specific framing 
technique is new and there are technical solutions and products that are unsolved, 
the construction market is new to some of the actors in the project and as the 
construction rate for apartment buildings on the Swedish market has been very low 
during the past 20 years, hence, the experience of conducting this type of projects 
is missing.

Pilot projects, such as this one, can act as examples, and examples has an important 
role in the transmission of professional knowledge (Femenías, 2004). Therefore this 
study gives a unique opportunity to describe, explore and explain the mechanisms 
and processes of the introduction of a new material and new actors to construction.  

The objective of the thesis is to describe and analyse the housing process when new actors and 
materials are introduced, in this case a solid timber frame and its producer, and to find 

methods that can be used to handle complexity and uncertainty in future solid timber frame 
housing projects. 

This objective can be obtained by answering two descriptive research questions: 

How do the actors in a timber construction pilot project handle the 
complexity and uncertainty initiated by the introduction of a new 
frame material and its producer? 

How do construction participants learn and create knowledge from a 
pilot project? 

The objective can also be developed by putting the research questions into a more 
normative perspective: 

How can actors in a timber construction pilot project handle the 
complexity and uncertainty initiated by the introduction of a new 
frame material and its producer? 
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How can construction participants learn and create knowledge from a 
pilot project? 

To be able to use the project as an example and understand its contribution to the 
current knowledge base of multi-storey timber housing I believe that it is 
important to look at it with a wide perspective. Hence, this thesis covers several 
different aspects of construction and timber frame housing rather than focusing on 
separate and isolated ingredients.

Schematically, the complexity (e.g. the nature, quantity, and magnitude of 
organizational subtasks and subtask interactions posed by the project, Tatikonda 
and Rosenthal (2000)) of construction and timber frame housing specially, can be 
illustrated as in figure 1. Figure 1 is based on Bergström (2004) and was originally 
developed for industrialised timber frame housing. The figure has been modified to 
highlight other aspects then those Bergström focused on but it still illustrates the 
complex situation of housing construction. I mean that this view could be 
applicable for all housing projects, whether industrialised or not. The components 
shown in figure 1 represent broad terms, for example “processes” can include 
communication, efficiency, logistics etc.  

4

Figure 1: Timber frame housing: tentative components, adopted from Bergström 
(2004) and modified 

New management practices, introduced to the construction sector (partnering, 
strategic alliances etc.), set new demands on the coordination between different 
actors (Fredriksson, 2003). This contribute to increased complexity in an 
environment (construction) already characterized by fragmentation in 
responsibility, adversarial labour relations, safety considerations and a range of 
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regulations, standards and codes (Thompson and Sanders, 1998, Conley and 
Gregory, 1999). 

My pre-understanding e.g., from my licentiate thesis, research findings (my own 
and others, industrial needs and my own interests have been the basis for 
formulating the objective and research questions. Figure 1 does not cover every 
possible aspect of housing construction but rather shows my view based on the 
above and, hence, components not included in figure 1, might also be of great 
importance for describing housing construction and, especially, timber frame 
housing from another perspective then that presented in this thesis.

Components that are especially considered in the context of this thesis are learning,
management, information, complexity of the external (e.g. political regulations and the 
environment) and internal (e.g. culture and tradition) context of construction and 
the uncertainties that can rise from this complexity.

The motive for selecting the specific components is the increasing awareness 
during the research process that they are central parts of timber frame housing. 
Hence, I think that the relations between these components and their relations to 
the construction of houses, with untested materials and actors, can contribute to 
the description and analysis of the solid timber frame housing process.

1.3 Demarcations 
Within the scope of this thesis timber frame housing companies are regarded as one 
sub-group of the construction economic sector. Timber frame houses are houses 
with load-bearing structural solid wood frames. Log houses, log cabins and houses 
with light-weight frames are not included in the term timber frame houses. 
Structural solid wood is a term used for slab- and wall- elements made of solid 
wood.

In the context of this study, timber components refer to solid or semi-solid timber 
walls and joists. Timber component suppliers are thus the organisations that 
manufacture and/or sell these components. The wood working industry is in this 
context the producers of wood based products for the construction industry. 

Construction process is the production-cycle a product such as a house undergoes, 
as all products produced by discrete assembly industries: concept – design– 
planning and controlling – manufacturing – assembly, figure 2.
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ControllingConcept Design Planning

Manufacturing Assembly 

Figure 2: Process flow in construction (Winch, 2003) 

The parts of a product’s life-cycle following assembly (maintenance and 
demolition) are not included in the term construction process. This description 
provided by Winch (2003) matches the needs of the thesis, where the planning and 
controlling phases of the construction process along with manufacturing, assembly, 
and design are studied while the concept phase is covered only briefly.  

Appropriate theories related to the examined components of timber frame housing 
have been selected to properly match the research questions. The intention has not 
been to completely cover every aspect of each research area but to find a 
theoretical basis for the analysis and discussion of the empirical findings. Selected 
areas of interest are described and analysed in a construction process context to 
increase the understanding of how they affect timber frame housing. 

This thesis is not a timber engineering thesis and, hence, it does not focus on 
technical functional demands.

It is important to point out the fact that my focus have been on the level of actors 
e.g., I have not analysed the case on the level of individuals, groups or companies 
but on the level of the participants as actors in a housing project. 

1.4 Previous research  
The traditional research conducted within the field of timber construction is 
mainly focused on timber engineering problems like load bearing capacity, failure 
and effects of knots e.g. (Johnsson, 2004, Olsson, 2001, Foley, 2003, Engström, 
1997), and on wood material science, wood manufacturing efficiency and wood 
industry strategies e.g., (Nordmark, 2005, Chiorescu, 2000, Nord, 2005). 

However, some previous work is conducted in the field of solid wood frames for 
construction in Sweden in the context of figure 1, e.g. Cigén (2003), Fredriksson 
(2003), Falk (2005) and Björnfot and Stehn (2005). The focus of these research 
activities have been on architectural development, aspects on communication and 
cooperation between construction and timber component suppliers and logistics 
and productivity. Research and development activities have also been conducted 
within the industry, e.g. the Industry consortium for massive wood construction. 
The consortium has during a three year project, partly financed by Vinnova and 

6
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the EU, developed components and systems for massive wood constructions. One 
of the results from the project has been a manual with practical advice about 
massive wood construction (Magnusson, 2003). The participants of the consortium 
were some of the largest Swedish sawmill companies, two solid timber suppliers 
and one large construction company also participating in this project.

1.5 The layout of the thesis 
To help the interpretation of results and conclusions the following description acts 
as a guide for the reader, see also figure 3: 

Chapter 1, Introduction to the research area, Solid timber frame housing.
This chapter also explains the objective of the research and discusses 
some of the essential concepts. 

Chapter 2, Context, sets the case study into a larger context and 
should be read as an introduction to the area of housing construction.

Chapter 3 describes and discusses the methods used in the research.

Chapter 4 presents the theories used to analyse the empirical findings. 

Chapter 5 is a presentation of the case study results. The chapter is 
designed as an independent part of the thesis, which means that it is 
possible to read this part separated from the rest of the thesis and use 
it for new/different analyses. The logic in the chapter does not follow 
the traditional construction process; it is designed to reach the 
objective of describing the project rather then the construction 
process.

Chapter 6 provides both my descriptive and normative analysis of the 
case results with respect to the theories presented in chapter 4. The 
analysis points out the direction for some of the conclusions 
presented in chapter 7. 

Chapter 7 summarises the conclusions of the thesis and discusses their 
scientific contribution. It also presents some ideas for further research. 
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2 Research and industry context 

2.1 Introduction to housing construction 
The construction-, housing-, and property sectors play an important role in 
Swedish economy. The market value of the country’s houses and constructions is 
estimated to more then the double value of the GDP and the construction sector is 
responsible, directly or indirectly, for 13% of the Swedish employment. 
Construction is in all important parts a local activity with local investors and a large 
amount of construction firms. About 99% of the companies have les then 50 
employees and within these small firms 55% of all employees in the sector (Burén, 
2005), figure 4. These firms were, in 2000, responsible for 64% of the turnaround 
of the total construction sector.

9

Figure 4: Swedish construction statistics, Sveriges byggindustrier, Burén (2005) 

During the 60s and 70s, the production focused and non customer oriented 
systems approach for building was developed and used in Sweden. Forms of 
contract like build-operate/own-transfer and a responsibility to fulfil performance 
requirements are current trends in Swedish housing construction. This could 
indicate a change form the traditional project orientation towards a more process 
oriented and industrialised approach in other markets than one-family house 
construction, which, in many ways, already is industrialised (Bergström, 2004). 

In contrast to what is often claimed, firms in the construction sector have adopted 
new management practices, changes in design and new technologies related to 
materials, equipment and components (SOU, 2002:115, Slaughter, 1998). 
Although innovation in construction takes place incrementally (Arditi et al., 1997) 
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technological and organizational changes have led to dramatic transformations. 
These include changes in materials such as lower cost and higher performance 
steels; lightweight, quick-curing and specialist concretes, and growth of ready-mix 
concrete; low cost, high quality float glass and strengthened glasses, use of plastics; 
lower cost aluminium; and new adhesives creating better laminates and particle 
boards (Miozzo and Ivory, 2000). There has also been a development in 
prefabrication and more extensive factory production of subsystems and 
components. 

In spite of these changes and the development that have taken place, the 
construction sector still fights challenges of low profits and low activity on the 
market. The beneficial effects of the changes are, according to Miozzo and Ivory 
(2000), limited for three reasons:

Although organizational (e.g. partnering, design/build contracts) and 
technological (e.g. prefabrication) changes have the potential to 
transform the traditional contracting system and to bring the benefits 
of innovation to firms, to the industry and to society, the effects of 
these changes may be undermined by new conflicts between the 
different parties in the construction sector.

New management practices, such as partnering, design/build etc., 
place greater demands on the coordination between different 
organizations and new technologies require enhanced precision in 
assembly. This contribute to increased complexity in an institutional 
environment already characterized by fragmentation in responsibility, 
adversarial labour relations (Thompson and Sanders, 1998, Conley 
and Gregory, 1999), safety considerations and a range of regulations, 
standards and codes.

The conflicts between different parties in the sector and the problems 
that ascend from increased complexity, may get worse by the nature 
of the skills profile, where the delineation between different skills are 
very unyielding (SOU, 2000:44), and by the employment conditions 
(many persons having seasonal employments) of the Swedish 
construction workforce. 

In general the supplier’s responsibility for the system development of prefabricated 
building component systems is increased. Swedish construction companies’ focus 
on the earlier stages in the building process makes them more or less neutral to the 
material in building products, in contrast to their historical focus on concrete. 
From a general construction perspective, the construction contractors handle the 
technical solutions, purchase of products and services demanded for the project, 
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coordination of the project and the handling of the financial risk (Nordstrand, 
2000).

This development in the construction sector will lead to a higher level of purchase 
and demands for further processing and market-orientation in the wood-working 
industry (VA, 2004:02). A probable outcome is a demand for better coordination 
between the processing steps in building- and building-related supply chains and 
for clearer specifications (Brege and Överberg, 2001). One way of addressing this 
situation is to establish better communication and co-operation between the 
building sector and the wood-working industry then today (Cigén, 2003). This 
will possibly stimulate product development and help to bring about the changes in 
the structure of the industry that are necessary to improve the marketing and 
distribution of suitable and competitive building products of wood.  

2.2 Project orientation in the construction sector 
The Swedish construction sector has a limited amount of actors that can manage 
the involvement in large projects (SOU, 2000:44). This means that in the long-
term the construction network is fixed e.g., the number of actors that have the 
possibility to perform a specific project is limited, but in the short-term (project 
specific) the network is changing e.g., the actors in the network vary during the 
different phases of the project (Hellgren and Stjernberg, 1995), figure 5. Often the 
technological requirements of projects also vary considerably, which requires 
mobilisation of temporary teams with specific technological capabilities (Vrijhoef 
and Koskela, 2005). This is also the case when new actors are introduced to the 
construction market, i.e., solid timber suppliers and designers. 
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Figure 5: Schematic picture of the stationary and changing characters of the 
construction project network. 
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Typically, the project-focus, i.e., the production of one single new product 
utilising temporary teams of actors with separation between design and 
production/manufacturing, negatively impacts construction management, thereby 
leading to instability and fragmentation (Vrijhoef and Koskela, 2000). 

In contrast to the temporary nature of project teams, the sector has long and 
entrenched traditions regarding working methods and relations. While each project 
is different, every project is approached very conservatively in terms of processes 
(Fredriksson, 2003, Cigén, 2003). In fact, there is no process view in a typical 
construction projects, the project is seen as independent project stages with 
different actors whom has no common goal (Bertelsen and Koskela, 2004, Howell, 
1999, Wegelius-Lehtonen, 2001). This division of work in the project network 
means that organizations are dependent on each other, and have to cooperate and 
yet there is no formal authority that alone can impose the necessary amount of 
coordination (Hellgren and Stjernberg, 1995). The head manager’s task is to 
coordinate the construction activities so that the object of the contract is built but 
he can not (or at least very rarely he can) do this without engaging other actors. 
These actors have to coordinate their activities with each other and even though 
the manager would like to control the coordination activities it would be hard for 
him within the given time limit. The identification of relevant actors and 
management of relationships influence success in project marketing, as work in 
subsequent project phases as well as subsequent project acquisitions are facilitated 
by these actions (Skaates et al., 2002). 

From a network perspective the reasons for participating in projects become more 
then just economic survival. A project is not only a means to perform a task (such 
as erecting a building), but also a means for actors to gradually try change their 
position in the wider economic environment. The actors may have different 
reasons for their participation. They are not motivated only by the project's core 
issue (Hellgren and Stjernberg, 1995).

2.3 Industrialisation in housing construction 
The construction sector is sensitive to downturns in the business cycle (SOU, 
2000:44). Its peculiar characteristics—the physical nature of its product, the one-off 
designs and lack of prototyping (lack of continuity in its ‘production function’) and 
the fact that activities take place at clients’ premises—may explain why it suffers 
severely during times of recession (Miozzo and Ivory, 2000). In addition, these 
peculiarities expose it to problems of a more structural kind. The traditional 
separation between the design process and production, the standard contracting 
system and the informal nature of many of its management practices have together 
acted as a potential barrier to investment (Miozzo and Ivory, 2000). In addition, 
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they have restricted large-scale innovation and dissemination of technological and 
organizational advances, and have been the basis of conflicting relations between 
contracting parties that cause delays, productivity and quality problems and failure 
to attract and retain skilled and motivated staff.

To overcome some of the difficulties regarding traditional crafts-based on-site 
housing and improve the housing construction process, industrialisation of housing 
inspired by the possibilities of applying mass production to housing construction, 
has emerged (Winch, 2003). This early industrialisation of housing was initiated 
during the first half of the 20th century and influenced the evolution of systems 
building (Gann, 1996). Standardisation of products (a prerequisite for 
prefabrication), prefabrication, and new methods to control quality and production 
were elements in the systems building approach (used mainly in the 1960s in 
countries like Sweden and Great Britain). This approach was production-focused, 
non-customer oriented, and did not result in increased overall productivity or 
reduced costs or construction times compared to traditional housing construction 
(Gann, 1996). Generally, the industrialisation of housing in the form of systems 
building is seen as a failure for a variety of reasons (Winch, 2003), including: 

Dysfunctional quarters of cities due to poor urban planning 

Quality problems due to poor design and lack of management 
control

Poor maintenance of completed houses 

Not all of these problems can be related to industrialisation, but direct and 
associated failures of industrialisation of housing, prefabrication and systems 
building led to a return to traditional housing during the 1970’s (Winch, 2003). 

Since then, industrialised housing has evolved through customer orientation and 
construction process developments. Japanese industrialised housing companies have 
successfully adopted and adapted the lean production concept through balancing 
customisation and standardisation, while developing efficient production processes 
(Gann, 1996). Standardisation of processes and products can improve the 
construction process, while prefabrication is shown to improve safety, productivity, 
and quality; customisation is efficiently achieved by combining standardisation and 
prefabrication (Gibb, 2001). A re-engineered construction process through new 
technology (e.g. prefabrication) combined with changes in products and processes 
is needed to go from the systems building approach (mass production) and to 
instead achieve efficient mass customisation in housing (Roy et al., 2003). Lessons 
learnt from industrialisation attempts in construction show the possibility and 
advantages of using a lean and agile (responsive) production approach to handle the 
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interface between process and project orientation on the company and the industry 
level (Höök, 2005). However, projects that demand high flexibility and 
technological complexity may not be best managed with manufacturing influenced 
philosophies (Höök, 2005). 

2.4 The organisation of a building contract 
There are several different types of building contracts, e.g. standard contract, 
design-build contract, concurrent engineering contract. In this chapter the two first 
are presented, the reasons for this are that the standard contract is, in Sweden, the 
most commonly used contractual form and that the pilot project described in this 
theses is organised as a design-build contract. 

2.4.1 Standard contract 
The standard contract, figure 6, divides work into numerous areas of responsibility 
and awards each part of the contract (via a single main contractor or architect) to 
the lowest bidder (NCC, 2003, Nordstrand, 2000, Söderberg, 1993). The timing 
and prize for a contract is then determined by the contractual agreements made, 
unless the contractor can show that the client has made substantial changes to the 
original specifications or if delays have occurred as a result of unforeseeable 
circumstances (for example, very poor weather or unexpected ground conditions). 
In such cases, the contractor can make claims by producing what is referred to as a 
‘bill of extras’ or by claiming against delays. Contractors and sub-contractors are 
penalized if work is completed late.

The fragmentation in responsibility for production is a recipe for repeated 
problems, particularly in a context where all parties have an incentive to work at 
speed and save time by cutting corners (Black et al., 2000, Miozzo and Ivory, 
2000). The difficulties in predicting tender prices lead to pressures to realize profits 
by maximizing extra claims against clients. In this context, improvements in 
production efficiency are subordinated to the avoidance of risks and maintaining 
the flexibility of financial assets for investment wherever is most profitable, in 
construction or elsewhere. Risks are increasingly passed down the line by 
subcontracting and casual employment. The complexity involved in pricing 
tenders, together with intense competition, creates incentives for construction 
managers and evaluators to underestimate costs, leading, in some cases, to price 
construction work below its actual value. Unless contractors can get a profit 
through delays and extras, they can easily make a loss. 

For the client, the simplicity of the system, the minimization of his involvement 
and the security of a relatively fixed economy make the standard contract an 
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attractive procurement choice. For the architect, it is similarly attractive, but, the 
standard contract results in much inefficiency.  

Because contractors tend not to deal directly with clients and designers, there is 
little opportunity for contractors to specify cheaper or better materials or systems to 
those already specified by architects and engineers. Thus, this form of organization 
does not take advantage of the experience of contractors through working on 
other contracts and with other architects. Another problem is that because design 
and building functions are separated, there is a risk of specifications being not 
possible to build, requiring laborious re-specification. 

In the face of the uncertainties created by the standard contract, clients seek faster 
building times and a more rapid return on investment, together with a more 
unified construction process, single-point managerial responsibility, greater client 
involvement and a more customized service. 
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Figure 6: The standard contract (c.f. figure 2) 

2.4.2 Design and Build contract 
In design and build contracts, figure 7, the client hires an architect to produce an 
initial design incorporating only the minimum details necessary to receive planning 
permission (Nordstrand, 2000). The design is then the basis for competitive 
tenders. The successful contractor controls the detailed design, the specification 
process and the construction process and deals directly with the client. Like other 
management approaches to construction (contracts management, partnering, etc.) 
design/build is aimed at overcoming the problems caused by poor communication 
between design and building functions. Design/build seeks to achieve this by 
capturing both functions within the same organization. Almost all building work 
that is simple lends itself to design and build (for example, agricultural buildings, 
warehouses, road building and most low-level residential buildings). Medium-sized 
contracts with a large engineering content also attract design/build purely because 
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civil engineering firms, by their very nature, have some design capabilities. Design 
and build contracts, however, still only accounts for a small minority of Swedish 
construction projects.

The main problem encountered with design/build is that, while it is more efficient 
in theory, it is often more expensive in practice. During interviews (Miozzo and 
Ivory, 2000) contractors within the UK construction sector explained how they 
were able to extract profits of thirty to forty percent from design/build projects 
during the construction boom of the 1980s (contractors normally expect margins 
of between one to three percent). Because of the interdependence between a 
number of activities, construction work presents a huge potential for delays and 
other problems (SOU, 2000:44). In standard contracts, clients will accept the 
lowest tender and then struggle, through the courts if necessary, to keep the 
contractor as near to that price as possible. Moreover, in standard contracts, clients 
have in their favour the professional services of an architect, surveyor or a project 
manager to keep the contractor’s costs in check. In design/build, however, control 
of the process lies to a larger degree in the hands of the contractor. Moreover, 
there is no project manager or architect on the client’s side to contradict claims by 
the contractor. The complexity in construction renders the process opaque for 
inexperienced clients. Also, there is a great incentive for reporting progress to 
clients in such a way as to drive the price up. For these reasons, firms interviewed 
(Miozzo and Ivory, 2000) argued that inexperienced clients have tended to avoid 
design and build. Only where clients are highly experienced has design and build 
contracts been popular. 
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Figure 7: The design and build contract (c.f. figure 2) 

2.5 Building regulations for housing 
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mandatory provisions in the Swedish building regulations (BBR, 2002) and in the 
principal statutes (PBL, 2005) indicate how someone can or should act in order to 
comply with the requirements of the mandatory provisions.  

“The individual is however at liberty to select other technical solutions and 

The first Swedish building regulations came in 1874 when a framework of rules 

 and environment 

on

The e st crucial to deal with in 

2.5.1 Fire safety regulations 
n a way different from that specified in the 

methods if these comply with the requirements of the mandatory provisions.” 
(BBR, 2002) 

and regulations for building in Swedish cities was introduced by the government. 
In the end of the 1980’s an EC directive, Construction Products Directive (CPD) 
that stipulated a more functional view of the regulations was presented. This meant 
that the judgement of a construction, according to a number of different demands, 
should be based on the function of the construction as an entity instead of on the 
details of the construction. Most of the EC countries have harmonised their 
building regulations with this directive. Sweden is one of the countries that have 
adopted the CPD, and the six requirements put on Swedish buildings today are: 

Stability, load bearing capacity and durability 

Fire resistance 

Hygiene, health

Safety during use 

Noise reduction 

Energy efficiency and thermal insulati

 r quirements presented below are two of the mo
multi-storey timber frame houses (Hansson, 1997, Magnusson, 2003). 

Fire protection may be designed i
Building Regulations (BBR, 2002) if it is shown by a special investigation that the 
total fire protection of the building will not be lesser then which it would be if all 
the requirements in the Building Regulations had been complied to. Such an 
alternative design may for instance be applied if the building is provided with fire 
protection installations in addition to those which follow from the requirements 
specified (BBR, 2002). The special investigation should be documented in fire 
protection documentations. The documentation should set out the fire 
classification of the building and its components, the compartmentation, the escape 
strategy, the function of the air handling installation in the event of fire and, where 
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relevant, a description of fire engineering installations, and a control and 
maintenance schedule.  

Satisfactory escape possibilities in case of fire implies either, complete evacuation of 

egulations specifies the fire classification of buildings. A building 

e a fire entails a high risk of injury to persons shall be constructed 

Figure 8: Types of buildings that should be preformed in the different fire classes. 

all persons who are present in a building or, as may arise in e.g. institutional 
buildings or very tall buildings, escape by persons who are in the part of the 
building directly affected by the fire, to a place of safety inside the building. In the 
later case it must be possible for protection against heat and toxic gases to be 
provided during an entire fire sequence or at least during the time which is 
required for a fire, under the conditions in question, to be completely 
extinguished.

The Building R
should be constructed as Class Br1, Br2 or Br3. The classification takes in account 
factors which affect the possibility of escape and the risks of injury to persons in the 
event that the building collapses, figure 8. For further information on design for 
fire safety in timber houses see for example “Brandsäkra trähus” (in Swedish) 
(Trätek, 2002). 

A building wher
to Class Br1. In such buildings the most stringent requirements are imposed on e.g. 
finishes and on load bearing and separating structures. A building where a fire may 
entail a moderate risk of injury to persons shall be constructed to Class Br2. Other 
buildings may be constructed to Class Br3. Buildings of three or more storeys 
should always be constructed to Class Br1.

Br 1 

Three or more storeys One-family houses 

Br 2 

Br 3 

Institutional buildings with places of 
assembly at ground level 
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Ventilation ducts in a building should be laid and designed so that in the event of 
fire they do not, during the time specified in the requirement for the fire 
compartment, cause ignition of nearby elements and fixtures and fittings outside 
the fire compartment, in which they are installed.

Air handling installations which penetrate elements separating fire compartments 
should be designed so that the capacity of the structure to prevent the spread of fire 
is maintained.  Air handling installations which are located in spaces common to 
several fire compartments (shafts and plant rooms) and which serve several 
compartments should be designed so that the capacity of the structure to prevent 
the spread of fire between fire compartments is maintained.

2.5.2 Protection against noise 
Buildings should be designed and constructed with regard to the prevailing noise 
sources, see figure 9, and so that the generation and spread of annoying sound are 
limited.

Dwellings inclusive of their external walls, floors and ceilings, doors, windows and 
air intakes, should be designed in such a way that outdoor noise and noise in 
bordering spaces is reduced and does not, to an annoying extent, disturb those who 
are present in the dwelling. If a noisy activity adjoins dwellings, special sound 
insulation measures should be taken. 

Residential houses can be placed into four different acoustic classes, A to D, after 
their performance according to acoustic behaviour. The behaviour stipulated as 
minimum level by the Building Regulations is class C. Class B shall correspond to 
a “good” acoustic environment, class A to a “very good” acoustic environment 
and class D may be used to classify old houses.  

Figure 9: Some sources of noise in residential buildings 
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High sound insulation and low impact (footstep) noises are often the most 
important acoustic demands. Noise from neighbours, poor sound insulation, is one 
of the most common complaints in housing.

The sound insulation in a construction is determined by several factors; there is no 
general rule of thumb for which constructions are required for a certain level of 
sound insulation to be obtained but a lot of research is going on, e.g., (Hammer 
and Alsmarker, 2004, Ljunggren and Ågren, 2003). The most important factors 
that affect sound insulation are: 

the building framework 

the construction of the separating walls 

the construction of the intermediate floor structure

floor coverings 

ding to another area. Airborne sound insulation is 
partly dependent on the properties of the wall, the floor structure, etc. but 
neighbouring constructi

Flanking transmission occurs when sound is transmitted from one space to another 
ind t xample, impact sound 
may be transmitted from one room to another through a timber floor, but also 
through the supporting wall.

Other common mechanisms for flanking transmission include internal leaves of 
exte a alls; suspended ceilings and partition 
walls; and also pipe work and ducting. Successful noise control solutions must 
address the possibilities of flanking transmission. 

the design and type of facades, windows and exhaust vents 

the width, height and length of rooms 

the depth of the building 

cross-induction via equipment 

possible construction flaws 

Airborne sound insulation is a measure of how much building constructions inhibit 
the noise in one area from sprea

ons are also significant. 

irec ly, through adjoining parts of the structure. For e

rn l cavity walls which adjoin separating w
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2.6 Production methods 
Most commonly used production methods are different combinations of on-site

 and Stehn, 2005). One type of 

ruction site where it is assembled 
construction physics by 

within factory physics can be managed 

production and prefabrication e.g., the different components of the frame may be 
prefabricated while the rest of the house is built on-site.

Depending on how products are delivered, many conceivable sources of 
complexity in prefabricated housing arise (Höök
product delivery is element prefabrication. The element is manufactured in a 
factory environment with controlled manufacturing processes – the so-called factory
physics (Hopp and Spearman 1996) that is here associated to one single process 
owner. The element is transported to the const
together with other elements and sub-assemblies, termed the 
Bertelsen (2004), figure 10. Peculiarities
with lean manufacturing principles, while peculiarities in construction physics are 
managed with lean construction principles, construction management, project 
management etc.

Figure 10: On-site construction respective element prefabrication (Höök and Stehn, 
2005) 

In the case described in this thesis, the actors claim to use a high degree of 
prefabrication and therefore a description of the prefabrication concept is 
presented.

21
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2.6.1 Prefabrication 
Whether it is site installation of prefabricated parts or a complete prefabricated 
building on site, or merely construction on site, production in construction is 
always locally bound and dependent on physical factors such as soil and weather 
conditions (Vrijhoef and Koskela, 2005).

In essence, construction is the design and installation of objects on a fixed place. 
Therefore construction is always, to a certain extent, about site production on a 
certain location, and for that reason always unique (Vrijhoef and Koskela, 2005). 
Generally there are two paths to reduce negative effects of the relatively unstable 
production situation in construction (Vrijhoef and Koskela, 2005). The first is 
minimising construction’s peculiarities in order to take advantage of techniques and 
methods for instance developed in manufacturing to simplify site construction and 
increase prefabrication and standardisation (Vrijhoef and Koskela, 2005). The 
second is developing techniques within construction itself that are able to cope 
with the dynamics of construction (Ballard and Howell, 1998). 

t a theoretical definition, which I have adopted in this thesis, was 
ulu (2004). They state that prefabrication means to 
nsity, etc. of materials) all or part of an object in some place 

tion and joining of erected components 

4).

Enhanced managerial controls over the building process has facilitated further 
systematization of design and standardization of components, e.g. prefabrication,
making building increasingly a process of assembly and allowing more effective 
allocation and co-ordination of labour in the different phases of the work 
programme (Miozzo and Ivory, 2000). What is meant by the term prefabrication 
may vary bu
provided by Ballard & Arb
“fabricate (change the shape, de
other than its final position”.

For building prefabrication, the structural construction consists of; the production 
of prefabricated components, the transportation of components, the erection and 
assembly of components, and the connec
(Hsieh, 1997).

Lately, the importance of prefabrication and pre-assembly for industrialized 
construction is described in literature e.g., (Gibb, 2001, Ballard and Arbulu, 2004). 
Tools used to manage work under factory physics are well developed in the 
manufacturing industry; one example is Enterprise Resource Planning (ERP) tools 
now being developed for use in manufacturing of Swedish timber frame housing 
(Bergström and Stehn, 2004). Following the introduction of lean thinking in 
construction, tools for industrial site work are more frequently discussed in 
construction literature (Björnfot and Stehn, 2005), i.e., the Last Planner system 
(Ballard, 2000), and work structuring principles (Tsao et al., 200
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Prefabrication only became possible with the evolution of engineering technology, 
standardization and the ability to produce materials and components with close 
tolerances and uniform quality. Prefabrication enables the ‘rationalization’ of 
building and the use of speedier erection methods. Prefabrication covers numerous 
elements of building design and includes modules such as: pre-fabricated walls, 
slabs, bathrooms etc. Each category of components may be designed in different 
sizes and shapes to meet various requirements in the processes (Hsieh, 1997).

At present, prefabrication is often not the first choice of clients seeking low-price 
tenders and an arms-length relationship with the building process. Modular 

ore complex and interesting buildings. The design of modular 

 fire 

components are growing larger and they have the potential to become part of ever 
more complex ‘intelligent buildings’ (Miozzo and Ivory, 2000). Reducing the 
design input means releasing the architect from difficult details and it increases the 
potential for m
components will have to keep up with the growing demands of these buildings.

In particular, while prefabrication is seen by some firms, interviewed by Miozzo 
and Ivory (2000), as a way to reduce their dependence on skilled site-based trades, 
as modules become larger and more complex they will require more expert trained 
handling. Consequently, operatives able only to bolt modules together will no 
longer be sufficient. Thus, while bricklayers and joiners may find themselves less in 
demand, other groups of skills will undoubtedly be required to handle and install 
larger and more complex modules. Problematically the construction sector is 
notoriously slow in delivering new skills (Miozzo and Ivory, 2000). 

2.7 Timber frame systems for housing 
There are four different frame systems that frequently are used in housing; light 
weight timber frames, steel frames, pre-fabricated and in-situ produced concrete 
frames and combinations of these. Another frame system that, historically, was 
widely used in Sweden is solid timber frames. As a consequence of a number of 
great city fires during the 18th and 19th centuries the late 19th century
regulations prohibited the erection of multi-storey timber buildings. This lead to a 
decrease of the market for solid timber frames and the applications of the technique 
on large constructions was more or less forgotten until 1994 when the new 
performance based Swedish building code was introduced. In this chapter timber 
frame construction in general and solid wood construction specifically, are 
presented.
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2.7.1 Timber suppliers and timber construction 
The Swedish wood-working industry is the world’s second largest exporter of 
sawn timber and a big contributor to the Swedish economy with a turnover of 
approximately 30 billion SEK and an export of 22 billion SEK (SCB, 2004).  As 
roughly 70% of all wood products are used within the building sector, the future 
development of this sector is of vital importance to the wood-working industry 

 the sawmils there are a 
er to a final product. This 

uction of timber frame houses has a long tradition in Sweden. Most 
es (lightweight frames) 
es (approximately 74% 

ring one-family detached 

(Sandberg, 1998). Between the construction industry and
numb  of actors further processing the sawn timber 
fragmentation of the value chain has contributed to the lack of long-term market 
orientation. This has weakened the position of wood as a building material in 
relation to substitutes, such as steel and concrete. One reason for this is that wood 
needs more careful handling then it’s substitutes, and the lack of focus on customer 
demands has made substitutes more reliable regarding quality (Brege and Överberg, 
2001). Another reason is that the structural conditions of the industry have not 
been propitious. The substitute building material industries have a structure which 
is dominated by a number of big companies, of which some are outsourced from 
the big construction companies. This has created better conditions for 
concentration on product development and marketing.  

The constr
one-family detached houses in Sweden have timber fram
and are prefabricated by industrialised housing compani
during the period 1990 to 2002) (Bergström, 2004). The total annual production 
value of Swedish industrialised timber frame housing is approximately 6,9 billion 
SEK, with the annual export value at approximately 1,3 billion SEK (from 1999 to 
2003) (Bergström, 2004). The major export markets are Denmark, Finland, 
Norway, Japan, and Germany. 

In the US, 80-90% of the block of flats is built using timber frame construction 
(Eriksson, 1995). The dominant market share of lightweight timber frames is 
attributed to simple foundations, quick production and low costs (Bergström, 
2004). However, in Sweden less than 5% of the total production of multi-storey 
houses is produced with timber frames (Bergström, 2004). On-site built houses 
with steel and concrete frames built by a few large contractor companies dominate 
the market for multi-storey houses. Nevertheless, there are indications that the 
building cost for a timber frame multi-storey house, compared to similar houses 
constructed by prefabricated concrete or steel, should be significantly lower (6-15 
%) (Stone, 1999). Therefore timber should be a competitive frame material in 
multi-storey buildings with a high degree of prefabrication. Never-the-less, 
industrialised timber frame housing companies manufactu
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houses and multi-family houses up to two storeys have not yet, to a large, extent 
shifted focus towards multi-storey houses.

Some sawmills have chosen a strategy, to increase the value of their products to the 
client. The construction sector, is aiming at increasing efficiency and quality whilst 
reduce cost through lean and agile production (Crowley, 1998; Howell, 1999; 
Bertelsen and Koskela, 2004). Under a lean construction concept, the demand on a 
supplier to supply the exact number of pieces, of the right quality, on the right 
time and at the right place will increase (Nord, 2005). Additionally, the demand on 
further processed products, e.g. prefabrication, such as wall elements and truss-
systems has increased as a mean to improve production efficiency on-site reducing 
cost and improve quality of the finished product (Ds, 2004:1, Nord, 2005). 

One problem for these sawmills is that the wood industry’s construction focus is 
fragmented and contains many different segments as for example infrastructure 
(bridges), reparation, reconstruction, extension of old buildings and production of 
new apartments and houses. For the solid wood suppliers, large infrastructure and 
plant projects are of less importance while production of new apartments and 
houses as well as reparation, reconstruction and extension of existing houses is very 
important.

Industrialised timber frame housing production includes on-site production, surface 
element manufacturing and volume element manufacturing, the later two 
experiences some degree of prefabrication. One Swedish company that have been 
successful on the volume element manufacturing market is Lindbäcks Bygg AB. 

There are four different production methods for timber construction: 

On-site production is often a far driven confectioning- exactly cutting, 
packaging and delivery. Wall sections may be put together on the 
slab and assembled into place by hand. 

“Open” surface elements are prefabricated scantling walls or slabs with 
boards on one side and without insulation. The technique is in 
principal the same as for on-site production. 

“Closed” surface elements are prefabricated wall or slab elements with 
boards, insulation and sealing coat. The method is not common in 
multi-storey buildings because of the risk of leakage of water into the 
elements during the production of the building. Anchoring and 
stabilisation might be more difficult then for “open” elements and the 
installation work is different. 
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Volume elements are produced and assembled into modules with roof, 
external walls and floors in a factory. Volume element manufacturing 
is the manufacturing of building elements, assembly of building 
elements to three-dimensional volume elements, volume element 
completion (plumbing, electrical and ventilation work, s
finishing, fixed equipment, etc.) and preparation for transport to 

urfaces 

 construction. 

Tim r  the 
UK, h  to 
clients, ch systems lies in the fact that 
the r ver, 
tran o ent
(TVE)  for 
improv ings
demand  the 
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cost and lead time reduction compared to traditional on-site construction (Höök, 
2005).
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As the ires 
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simplify the
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construction site. Only small interior supplementations and 
connections to heating, ventilation, sanitation and electricity are 
needed on-site in order to complete the

be  frame producers, both in Sweden (e.g. Lindbäcks Bygg AB) and in
ave begun to offer a complete service, design and assembly, directly
based on flexible systems. The advantage of su

y a e designed to fit together in an almost infinite number of ways. Howe
sp rtation limitation puts restrictions of the layout of timber volume elem

houses. TVE prefabrication seems to create a structure that is needed
ements and innovation in housing. However, construction still br
s as flexibility and customization into the process. This has shown to be

indrance for TVE prefabrication where the main product strategy is to 

VE prefabrication building system has not yet gained confidence on
 market for commercial buildings, multi-family and multi-storey hou

 2005).

 timber frame sector demonstrates, because design and build requ
tors to do their own design work, prefabrication serves their needs 
ing the design process. Modular design allows clients to engage in 

process more easily by reducing the complexity inheren
Modules can be selected from a range of possibilities and then inserted into the 
project in differing combinations until the desired result is achieved. Thus, if 
design/build and partnering diffuse widely they will simultaneously create a fertile 
environment for prefabrication technologies (VA, 2004:02, Miozzo and Ivory, 
2000).

Three different types of timber frame systems and combinations of systems have, so 
far, been used for multi-storey houses in Sweden (Fröbel and Johannesson, 2005):  

Light-weight systems 

Beam-column systems 

Solid timber systems
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For residential housing, the light-weight systems, figure 11, are dominating, in 
some cases in combination with solid timber for e.g. slabs.  

Figure 11: Light-weight timber frame system. 

Light-weight technique with scantling frame is the dominating technique both in
Sweden and in other countries. The frame is made out of load carrying scantling 
walls, light wooden slabs and a roof construction of wooden trusses or glulam. The 
ligh incipal the same for multi-storey houses as for one 
family house s, e.g. higher requirements on sound 
insulation, higher safety in case of fire, stabilisation for horizontal (wind) forces, 
considerably more advanced installations and longer production/assembly time 

ind conditions). 

frame. The boards also 
functions as surface facings.

Beam-column technique 

Beam-column frames, figure 12, of wood are mainly used for other constructions 
then residential, where frame systems with load carrying walls usually are more 
competitive. In buildings that need larger free spaces and thereby larger free spans, 
beam-column frames of wood are competitive, e.g., commercial buildings, school 
facilities, sport arenas etc. (Björnfot, 2004).

t-weight technique is in pr
s, but there are some difference

(because of weather and w

Sound insulation, fire safety and stabilisation for light-weight systems are solved by 
the use of boards, e.g. gypsum, plywood, on the scantling 

27



Chapter 2 –Research and industry context 
    

Figure 12: Beam-column timber frame system. 

Solid wood techniques 

Solid wood building, figure 13, of different types is the construction technique that 
has the longest historical tradition in our country. Buildings made out of wood 
have been present in the North for centuries. In more modern systems of solid 
wood the solid wood frames advantages such as heat storage and high load bearing 
capacity with low weight and a large amount of adaptability. Right now the 
driving force for producing multi-storey houses with timber frames is coming from 
the wood working industry rather then the construction sector. There are a few 
producers of massive timber components in Sweden today, they mainly produce 
walls and slabs (Magnusson, 2003). However, some Swedish companies (e.g. 
Martinsons Trä AB) have started industrial production of nailed or glued solid 
wood elements during resent years.

Figure 13: Solid wood frame system. 

In solid wood timber frame construction the different layers in walls and roofs can 
be reduced in number since the plate itself serves as a stable and airtight, moisture-
inert and to some extent heat- and sound-insulating structure (Falk, 2005). The 
insulation in the massive wall is added on the outside of the load-carrying plate. 

28
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3 Method 
My research approach and the way in which I have conducted my study have been 
influenced by the technology based research tradition at my department and by my 

scope of my research is based in practical issues 

technological and business development and to create a systems perspective on the 
development of the construction/wood value chain and its growth, 
product/systems development, value adding and efficiency. This has given me the 
opportunity to obtain both a technological and a social science perspective on my 
research.

In my research I have no intention to find answers or solutions on the best way of 
handling technical or logistical aspects of timber housing projects. The 
contribution of this thesis is, instead, to describe and analyse the problems 
encountered by the actors in the pilot project in Sundsvall and how they have dealt 
with them. From this description and analysis I have pointed out some guiding 
principles on how I think that future pilot projects should be managed to give the 
best output possible to the timber housing sector by learning from pilot projects 
and reducing uncertainty. 

3.1 Research strategy 
Research can be carried out in a number of ways and the way chosen is reliant on 
many different factors. One is the researcher’s preconception and experiences 
(Taylor and Bogdan, 1998). These preconceptions are the basis for the formulation 
of the research problem and in the end the research questions. Yin (1994) 
mentions five different types of research strategies i.e., experiment, survey, archival 
analysis, history and case study. Each strategy follows its own logic and differs in 
way of collecting and analysing empirical data. The main focuses of the strategies 
are: experiment, events where the investigator can influence behaviour directly and 
in a systematic manner; survey, strategy that is advantageous when the research goal 
is to describe the incidence or prevalence of a phenomenon; archival analysis, the 

background as a civil engineer. The 
encountered in the construction industry. I am involved in the research group 
WoodWorks, which is based on the collaboration between the research areas 
Timber Structures (engineering and management) at LTU and Business Development and 
Industrial Marketing at LiU. The purpose of WoodWorks is to integrate 
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investigator relies on archival records as main source (historical or contemporary) 
data; history, the investigator has to rely on primary or secondary documents as 
main source for collecting data; case study, contemporary events, where the relevant 
behaviour cannot be manipulated.

To decide which research strategy to use in this research, the objective and the 
research questions had to be identified. According to Yin (1994) the choice of 
appropriate research strategy is based on the type of research question, the extent 
to which the researcher can control the research environment and if the research is 
focused on contemporary or historical events, see table 1.
Table 1: Relevant situations for different research strategies (Yin, 1994)

Strategy Form of research 
question 

Requires control over 
behavioural events 

Focuses on 
contemporary events 

Experiment How, Why Yes Yes 

Survey Who, What, Where, How 
many, How much 

No Yes 

Archival analysis Who, What, Where, How 
many, How much 

No Yes/No 

History How, Why No No
Case study How, Why No Yes

The research questions in this thesis are of the type “how”, and the study object, a 
housing pilot project being built on inner harbour of Sundsvall, was definitely 
contemporary and the researcher, me that is, had no control over the behavioural 
events of neither the project or the people acting within it, hence, the only 
appropriate research strategy, according to Yin (1994), was the case study. He also 
states that “…, you would use the case study method because you deliberately wanted to 
cover contextual conditions-believing that they might highly pertinent to your phenomenon of 
study” (Yin (1994) p. 13).

I do believe that the context in this project, which is unique because of the new 
and unknown framing technique, the technical problems that are unsolved, the 
new actors on the housing market and the lack of experience of conducting large 
housing projects, is significant to the description and analyses of the project. 
Cronbach (1975) also argues for a qualitative case study approach when the aim is 
to achieve insight, description and explanation rather than hypotheses testing.  

This is in accordance with my as well as the systems approach of the Wood Works 
research idea to the development of the construction/wood value chain and its 
growth, product/systems development, value adding and efficiency. 
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3.2 Case study 
The objective of the thesis is to describe and analyse the housing process when 
new actors and materials are introduced, in this case a solid timber frame and its 
producer, and to find methods which can be used to handle complexity and 

ed by answering two descriptive research questions: 

e material and its producer? 

the activity in the high rise apartment building 
market has been quite low.  

oject offered a unique opportunity to 

uncertainty in future solid timber frame housing projects. 

This objective can be obtain

How do the actors in a timber construction pilot project handle the 
complexity and uncertainty initiated by the introduction of a new 
frame material and its producer? 

How do construction participants learn and create knowledge from a 
pilot project? 

The objective can also be developed by putting the research questions into a more 
normative perspective: 

How can actors in a timber construction pilot project handle the 
complexity and uncertainty initiated by the introduction of a new 
fram

How can construction participants learn and create knowledge from a 
pilot project? 

To answer these questions I chose to design and conduct a single case study. The 
choice of a single case study, in opposition to a multiple case study, is based on 
three different prerequisites: 

First, the Swedish construction market does not offer too many pilot 
projects at all, as 

Secondly, this construction pr
follow the entire process from planning to completion.  

Thirdly, as I haven’t been the only researcher involved in the project 
I have had the opportunity to compare and discuss my findings with 
researchers involved in the project and thereby increase my 
understanding of what is happening.

The research which this thesis is based upon was conducted in two major steps, 
figure 14. The first step included a multiple case study and a quite extensive 
literature study. The results showed that the incentive for cooperating was to 
improve the economic situation, which should be achieved by mutual 
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development of the massive wood construction system and through developing 
new working methods which supports focus on customers. These results were 
presented in a licentiate thesis (Fredriksson, 2003). The second step is presented in 
this thesis and involves the single case study of the housing project in Sundsvall. 

s were structured around some areas of interest e.g., 

to represent as 
many parts of the management and design of the project as possible. The reason for 
not interviewing people within the production at this stage was that the 

The study was conducted during the time between December 2003 and May 
2005. It also involves a literature study and an attempt to put Swedish timber frame 
housing into a larger context figure 14.

Licentiat thesis in 2003 
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Figure 14: Research design 

The case study was preformed using a number of different approaches: personal, 
informal contacts; interviews; observations; studying documents and participating 
in meetings. I have also discussed my empirical findings with other researchers 
within the area of timber engineering and management that were involved in the 
same project. The interview
strategies (company and project level), relations, management and project, but not 
with distinct questions. These areas of interest have changed during the project as a 
result of the development in the project and the change of people and actors 
entering the project (i.e., design to production). This method allows the researcher 
to, depending on the answers and the discussion, pick up areas of special interest 
and in that manner get more in depth answers (Yin, 1994).

I started the interviewing with one round of formal interviews with 12 persons, 
every interview took between one and two hours and most of them were 
conducted in the respondents’ office. The respondents were chosen 

Litteratur review 

Theoretical 
framework 

Case study 
LitteInterviews 

Observations 

Documents An  alysis

Conclutions

ratur review 
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organisation of the design/build contract meant that the production started 

ntexts and by e-mail etc. 

As I didn’t have the opportunity to meet with the sub-contractors to the same 
exte  ding
other also
participated in six design meetings and six site meetings and I have read the 
pro o t to 
point out the fact that my focus have been on the level of actors e.g., I have not 
analysed the case on the level of individuals, groups or companies but on the level 

For an additional triangulation of the case study material I asked the information 
coo n ght
that I h sn’t
right within the description. She corrected some misunderstandings as well as 
con b

3.3 Quality and generalisability 

dity and reliability (Yin, 1994). The validity expresses 
whether or not the chosen measurement method, really does measure the 
pro t ain a 
measur

These measures have developed from within the quantitative research tradition, 
which then have moved into the social sciences as a number of variants. The 
importa ity in the research 
out re of 
the k

In orde ave
been in een discussed with other researchers 

relatively far into the projects time line.

After first round the interviews became more informal and were conducted in 
relation to meetings, on telephone, when meeting the interviewees, who in this 
case became more like informants (Yin, 1994), in other co
I tried to cover the same range of persons in the second round as in the first.  

nt as the designers I have collected information form them through rea
researchers interview transcriptions and their analyses of those. I 

toc ls form three additional design and six site meetings. It is also importan

of the participants as actors in a housing project. 

rdi ator of the project to go through my case description and tell if she thou
ad missed something important or if there was any information that wa

tri uted with more information to some parts of the description.

The accuracy of a study is dependent on a number of factors, which are commonly 
divided into two groups: vali

per ies which the researcher is interested in. Reliability concerns how cert
e is based on the influence of chance. 

nt point of reliability and validity is to ensure the qual
come. In order to assure quality in case studies it is important to bee awa
ris s at hand, and trying to avoid them (Yin, 1994).  

r to asset a high level of quality several different actors and people h
terviewed and the case material has b

involved in the project. The material has also been read by the information 
coordinator to secure that the information presented is accurate.

The generalisability of a single case study is normally not high as it focuses on one 
project. This is true for this case as well as it focuses on a unique project, but as I 
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together with my colleagues and supervisors have access to a broader knowledge 
about the Swedish timber housing sector I, hopefully, have managed to put the 
results into a boarder context, hence, contributing to the further development of 
the Swedish timber housing knowledge base. 

My own background as a civil engineer and the fact that I, as a woman, have been 
studying a largely male-dominated environment and economic sector has probably 
influenced the answers and reactions I have received form the people I have 
interviewed (Taylor and Bogdan, 1998).  I have been aware of this during the data 
collection phase of my research as well as during the analysis. 
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4 Theoretical framework  
Several scholars of construction have pointed out the lack of a theoretical 
foundation of construction as a barrier to economical and quality progress e.g., 
(Koskela, 2000, Andersson and Borgbrant, 1998). One component of such a 
theoretical basis should deal with the understanding of the processes of planning, 
design and management that engineers use (Koskela, 2000). Another component 
should be the understanding of processes of knowledge creation and of the 
reduction of technical and social complexity e.g., (Baccarini, 1996, Fredriksson, 
2003, Cigén, 2003, Cigén and Sardén, 2004). These processes are dependent of the 

ctor. It must 
also consider this factor for the organisations investigated. (Fernie et al., 2003)  

e processes of knowledge creation 

 information and a developed and 

 to consider and discuss 

n processes  and 

strategic choices made by the managers of companies involved in construction 
projects, both for the company in total and for a single project.  

An investigation of managerial processes, such as complexity reduction and 
learning, in different sectors must consider the political, economical, social, 
technological, legal, environmental and structural factors of each se

One way of accomplishing understanding of th
and of the reduction of technical and social complexity, taking the above 
mentioned factors into consideration is through the study of pilot projects (Ds, 
2004:1).

To improve the efficiency in, and use of the knowledge generated by, the pilot 
project, a standardised way of exchanging
described system for logistics, design and construction is essential. To accomplish 
this, the actors in the construction process needs a systems understanding of the 
construction process including information exchange and a holistic description of 
design, logistics and production (Koskela, 2003).

Components that I have felt are especially interesting
within the context of timber frame pilot projects are knowledge creation, project
management, process planning and the complexity of the external and internal context 
of construction, and the uncertainties that can raise from this complexity. This is, 
of course, not the whole truth and other areas e.g. communicatio
information management, c.f. (Dawood et al., 2002, Brandon et al., 2005, Husin 
and Rafi, 2003), production systems c.f., (Miozzo and Dewick, 2002, Tam et al., 
2002) or technical issues within the field of timber engineering c.f. (Quenneville 
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and Mohammad, 2000, Olsson, 2001) might be just as interesting to investigate for 
another researcher with other areas of interest.  

These chosen components can be divided into some different theoretical areas, 
figure 15. Process planning and project management can be discussed in terms of 

ctive for example in 
terms of lean construction (Tommelein, 1998, Miles, 1998, Bashford et al., 2003). 
Knowledge creation is a very complex area (Corno et al., 1999, Rynes et al., 2001) 
and it wasn’t easy for me to decide on which theories I should focus. My choice 
became to discuss knowledge creation in terms of organisational learning c.f. 
(Barlow and Jashapara, 1998, Vakola and Rezgui, 2000) and demonstration 
projects c.f. (Kua and Lee, 2002, Nicolini et al., 2001). As it is suggested that 
demonstration projects should be used as a means to increase the use of timber in 
housing construction (SOU, 2000:44) and that I felt that learning from such 
projects is one way to achieve some degree of development in the construction 
and wood working sectors. Complexity (Bertelsen, 2003, Baccarini, 1996) is one 
of the things that characterises large construction projects, or in my opinion all 
construction projects, and it inevitably leads to uncertainty, technical and/or social, 
hence these two theoretical areas have been of great interest for me. 

The three components presented in this thesis are, though covering different 
theoretical areas, parts of the complex area of timber frame housing. 

Figure 15: Theories used for analysing timber frame housing  

USED THEORIES OF CONSTRUCTION

cooperation, e.g. partnering c.f., (Cheung et al., 2003, Chan et al., 2005, Beach et 
al., 2005), and vertical integration c.f. (Gonzalez-Diaz et al., 2000), which focuses 
primarily on the social environment and, pronounced or unpronounced, 
agreements, and/or strategic focus, e.g. in terms of activities on the market. It can 
also be discussed from a more production efficiency perspe

Lean Construction

Process planning and 
 project management  
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4.1 Process planning and project management theories
In this thesis the concepts of Lean construction, Cooperation and Strategic focus 
are discussed from a construction project and process planning perspective. 

 concept of lean construction and to 

eal 

sation, including the offer of choice, must be 

A general definition of the nature of construction from a production point of view, 

4.1.1 Lean Construction 
The aim of this section is to briefly present the
present the concepts of lean construction that are used for analysing the case. 

Lean construction have seen a growing international academic interest in recent 
years (Björnfot and Stehn, 2005, Koskela, 1992, Howell and Ballard, 1998). Such 
research seeks to investigate the extent to which the model of lean production can 
be applied to the construction industry. The theoretical background of the lean 
construction paradigm is lean thinking (Womack and Jones, 2003).

The main feature of lean thinking is the management of the transformation process 
to promote flow (Koskela, 2003). Research within lean construction seems to 
focus on holistic and theoretical studies of the whole construction process (Saad et 
al., 2002, Koskela, 2003, Ballard and Howell, 2003).

Industrialised housing both resembles and differs from the manufacturing industry, 
meaning that there are limitations, though not to be over-emphasised, in the 
potential transfer of concepts from manufacturing to housing (Gann, 1996). R
lessons can be drawn from the manufacturing industry (Gibb, 2001), e.g.: 

It is possible to replace mass production with mass customisation 
through improved technology 

The need for customi
recognised

The supply chain must be acknowledged and managed 

Prefabrication is useful, if subservient to the delivery of the end 
product

which takes the surroundings into consideration, is given by Bertelsen and Koskela 
(2004). They state that “Construction is complex production of a one-of-a-kind product 
undertaken mainly at the delivery point by cooperation within a multi-skilled ad-hoc team.”
This is a definition which is comfortable to the average construction professional 
and researcher and fits well an activity-based management strategy. One criticism 
to the definition is that it is the refusal to deal with the consequences of repeating 
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but variable activities in multiple locations that is the reason that on-site processes 
become chaotic and appear complex (Kenley, 2005)

The primary goals of the lean construction concept are increased customer and 
flow orientation, waste minimisation (through focus on value adding), product 
quality and reduced costs. To attain these goals, lean construction stresses the 
importance of improving the two main conversion processes (design and 
production) while eliminating waste (Crowley, 1998). This is, according to 
(Koskela, 2000), best done by paying attention, not just to the traditional 
transformational view of construction, but also to the management of flow and 
value generation, table 2. 

Table 2: The theory of production after Koskela 2000 

Transformation view Flow view Value generation view 

Conceptualization of 
production 

As a transformation of 
inputs into outputs 

As a flow of material, 
composed of 
transformation,
inspection, moving and 
waiting 

As a process where 
value for the customer is 
created through 
fulfillment of his 
requirements

Main principle  
Getting production 
realized efficiently 

Elimination of waste 
(non-value-adding 
activities) 

Elimination of value loss 
(achieved value in 
relation to best possible 
value)

Associated principles 

decomposed tasks transparency and 
flexibility 

down of customer 
requirements, 3) 
require
deliver

Decompose the 
production task 
Minimize the costs of all 

Compress lead time, 
reduce variability, 
simplify, increase 

Ensure that: 1) all 
requirements get 
captured, 2) the flow 

ments for all 
ables are taken 

into account,4) the cap 
ability of the production 
system and 5) measure 
the value 

Methods and practices 
(examples) 

Work breakdown 
structure, MRP, 
Organizational 
Responsibility Chart 

Continuous flow, pull 
production control, 
continuous improvement 

Methods for requirement 
capture, Quality Function 
Deployment 

Practical contribution  
Taking care of what has 
to be done 

Taking care that what is 
un-necessary is done as 
little as possible 

Taking care that 
customer requirements 
are met in the best 
possible manner 

Managing transformation, table 2, is the task most project managers are 
familiar with. It takes place by managing contracts, establishing 
quality and safety requirements and procedures. The primary goal is 
to take care of what has to be done. It is necessary to manage the 

e contract values 
involved, but this simplistic kind of project management is not 
transformations in construction because of the larg
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enough in the complex and dynamic system the project usually 
represents (Bertelsen and Koskela, 2004). The traditional contract 
management creates and maintains the relations between the values as 
defined in the drawings and specifications and the operations to be 

 parties. 

and flow processes are 

The e

Table 3: t in construction, after (Bertelsen and 
Kos

gement Process management Value management 

performed by the contract

Managing flow, table 2, in construction introduces new management 
activities e.g.: supply chain management or setting up the logistics for 
materials and information (Bertelsen and Koskela, 2004, Love et al., 
1999).The activities strive to increase and structure the information 
between different actors and stages of the construction process. It
coordinates the production flow, as well as the flow of information, 
materials and equipment, through which the product gets its final 
form (Bertelsen and Koskela, 2002). 

Managing value generation, table 2, is probably the most difficult 
concept to approach in the “lean” way of managing construction 
projects. Value generation is achieved through making sure that the 
activities conducted within the transformation
adding value to the customer. A close relation between the client and 
the design professionals in the early design phases should generate an 
understanding of how the client’s value parameters can be fulfilled 
(Bertelsen and Koskela, 2004). 

 k y features of these management concepts are summarised in table 3. 

 Three part theory of managemen
kela, 2002) 

Contract mana

Obje ectiv  
To manage the individual and 
customized contractual 

A predictable production flow 
with a high efficiency. 

Ensures that the 
construction process 

arrangement. Establishing cooperation 
between actors. 

generates the value 
wanted by the client. 

Success
factors 

-over, low costs To avoid making errors and to Customer satisfaction Timely hand
and a zero punch list.  eliminate the sources of errors. 

Nature
Hard and formal. Conducted 
indoors

Soft, putting cooperation, 
respect and compromise at the 
front. Takes place on site. 

Soft, service oriented, 
towards the client and hard 
towards the production 
system.  

Tools 

The contract, requests of 
various kinds, work orders, 
organizational charts and 
master schedules, quality 
assurance system etc.  

The Last Planner system 
(Ballard and Howell 1998), 
productivity indicators, kick off 
and time out meetings etc. 

QFD, questionnaires and 
evaluations with clients 
and stakeholders. 
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The one-of-a-kind production makes it necessary to integrate the design and 
production processes (Bertelsen and Koskela, 2004, Ballard and Howell, 1998) . 

y serve as consultants to translate clients’ needs into a 
industries, where buyers find it 

easy to specify their needs and check that their needs are met by the products 
ffered to them (Brö

tio
f this section is to identify gener ted ration 

and to outline some of the characteristics tnering and supplier relationships, 
management, business and engineering. I 

the construction indu
range of different partnering/marketing relationships. 

Partnerships tend to terised b relation hat
distinguishes these re om t ess

se behavioural characte might include attributes of the 
partnership such as: commitment, co-ordination, interdependence, trust, 
communication quality and participation, information sharing, relationship 
outcome (expected value), relationship benefits and shared values. There are some 
excellent articles that provide definitions of these partnering attributes (Mohr and 

d  Wilso

study sugg the willingness to co-ordinate activities, the 
ability to convey m elationship and the 

at  by the trad tical to the success of 
the partnership (Mohr and Spekman, 19 e comm s to 
generate trust between a company and its suppliers, its customers and other 
bus s earn
from ea ng-
Minh e utor
and his ren, 
1997) q and 
commi ing

Inadequate, incomplete and outdated information will lead to delays and extra costs 
during the design stage but also during the production of a construction project 
(Hong-Minh et al., 2001). One solution to all these problems is to improve 
communication both between and within the participating companies (Hong-
Minh et al., 2001). This communication substantially adds to the project 
complexity. 

The increased complexity is clearly dependent on the large number of 
intermediaries who mainl
design for construction. This is in contrast to other 

o chner, 1990). 

4.1.2 Coopera
The aim o

n
al problems associa
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n, 1997). 
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itment to the r
ing partners are cri
94). Effectiv

communication str
unication help

ine ses. Good communication indicates that the companies are willing to l
ch other through cross-fertilisation of knowledge and technology (Ho
t al., 2001). From a questionnaire on the interaction between a distrib
 suppliers in the wood products industry in the USA (Simpson and W
ualities such as dependence, investment, information exchange, trust 

tment, discerned. The key to understanding the successful work
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successful supply chain partnership are related to the culture of the industry 
regarding its leadership (top management support), the structure of the industry 

ships is not necessarily the degree of formal interaction. The establishm
s developed within the relationship, or a shared culture without regar

ational boundaries (Thompson and Sanders, 1998), depends on the us
ed techniques of project management, such as setting clear goals 

nes (Boddy et al., 1998). 

we er, it is suggested, based on an empirical study, that one of the underl
 to partnering is the fact that cost, benefit and value-adding models are
 (Boddy et al., 1998). Developing partnerships with suppliers is resou
e and can only be justified when the costs of extended involvement
d by the benefits of the relationship. The economic consequence

r relationships depend on the quality of the relationship that is develo
 particular, on the degree of involvement in each specific relationship 
alistic portrayal from the top manage

2000). Assessing the benefits of supplier
tio ships is a more difficult task than assessing the costs, because the ben

p less clearly in company accounts. 

arketing literature on buyer-seller relationships reveals that succe
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s, co-operation, communication, trust and long-term commitment, an
e buyer’s attention towards managing the desired output rather 
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and the mentality of its organisations (Akintoye et al., 2000). This is supported by 
findings from a research study examining the measures needed to improve the UK 
housing supply chains (Hong-Minh et al., 2001), in which 30% of the 114 
respondents gave “changing attitudes” as their answer.

From the overview above the characteristics of partnering type relationships can be 
compared from a marketing and a construction management perspective. The 
typical characteristics/attributes are shown in figure 16, which is a merger of two 
continuum models (Fontenot and Wilson, 1997, Thompson and Sanders, 1998). 

ot and Wilson, 1997) and 

Marketing relationships can be placed on a continuum between discrete 
transactions and vertical integration (Fontenot and Wilson, 1997).

42

Figure 16:  Partnering/marketing continuum. After (Fonten
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(Thompson and Sanders, 1998) 

The lowest potential benefits of partnering are found in relationships 
characterised by pure discrete transactions and repeated transactions 
(win/lose mentality).

Long-term relationships are likely to involve some adversarial behaviour 
and are dependent on market control.

Buyer-seller partnerships represent interdependence and mutual trust 
and benefits (cost savings, production efficiencies, etc.) between 
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firms. Prices may be negotiated with minimal pressure from the 
market.

When firms form a strategic alliance, they allot resources to strive 
towards a strategic goal that will benefit each party.

When firms collaborate in multiple relationships the resultant corporate 
structure is a network organisation.

The ultimate marketing relationship is vertical integration.

Figure 16 is also called a continuum because there are many “shades” of 
partnering, and each variation suits a different situation (Thompson and Sanders, 
1998). The continuum, however, is divided into four general stages, each of which 
represents a different level of alignment:  

competition (the traditional approach in the absence of partnering) is 
characterised by success being achieved at the expense of others 
(win/lose mentality), short-term focus, single points of contact 
between organisations and little trust, with no shared risks;

co-operation (an approach focused on reaching agreement through 
compromise) which involves common objectives that are project-
specific, multiple points of contact but limited trust and shared risks;  

collaboration (achieving process improvements through teamwork) 
defined by a long-term focus on accomplishing the strategic goals of 
the parties involved, multi-project agreement, shared authority, 
openness, honesty and increased risk sharing;

coalescence (re-engineering processes to fit the situation) in this stage 
cultures are integrated and directed to fit the partnership, there is a 
transparent interface, implicit trust and shared risk-taking between the 
organisations.

The triangles in figure 16 represent the partnering alignments. The marketing 
relationships included are the estimated correlation between the definitions of 
(Fontenot and Wilson, 1997) and (Thompson and Sanders, 1998). 

4.1.3 Strategic focus 
The reason for looking at strategic focus in a timber frame housing project is that 
the frame “newness” to the market imposes many different opportunities for the 
construction sector as well as for the timber frame suppliers. The ability to make 
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something good out of this opportunity, I think, is dependent on the strategic 
choices they make during this and forthcoming pilot projects.  

The development of strategic concepts requires an environment that fosters 
strategic thinking and focus. However, in contrast to manufacturing organizations 

 upon effective 
strategic focus based on sound strategic planning (Betts and Ofori, 1992, Tan et al., 
1999). This is especially true for construction organisations, which have to provide 
increasingly complex projects within a highly turbulent and competitive business 
environment (Betts and Ofori, 1992).

Porter (1985) identified three main types of competitive strategies, table 4: 

Cost leadership—offering low-cost products when compared to 
competitors; 

Differentiation—over competing with rivals through differentiating 
products and services, adding extra value, creating image or brand 
name, and so on; and 

Focus—concentrating on a certain market niche while applying 
either cost-leadership or differentiation strategies. 

Table 4: Porter’s generic strategies c.f., (Porter, 1985) 

 Low cost Differentiation 

that focus on the long-term viability of a product, the construction industry is 
generally focused on the production of a single and unique end product 
(Chinowsky, 2001). While this project-based focus receives significant 
consideration from construction professionals, less attention is paid to strategic, or 
enterprise wide, management issues. 

Now the long-term survival of most large organisations depends

Broad target Cost leadership Differentiation 

Narrow target Cost focus Differentiation focus 

Each of the strategies may be suitable under different circumstances, but little 
com t ove-
mentio ons
(Porter s of strategies can be found in many construction 
organizations.

In cont  focus on the long-term viability of 
a product, the construction industry is generally focused on the production of a 
sing a cant
conside , or 
enterprise wide, management issues (Chinowsky, 2001). 

pe itive advantage occurs when an organization falls between the ab
ned generic strategies, as is the case with many construction organizati
, 1985). All three type

rast to manufacturing organizations that

le nd unique end product. While this project-based focus receives signifi
ration from construction professionals, less attention is paid to strategic
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Constru ring
processes designed to achieve minimum cost (Price and Newson, 2003). This has 
driv  ost)
stra i tion
phase. sarial relationships c.f. 
(Bla  alue
from th 44, SOU, 2002:115). The success or 
failure of a construction project's produc
und t ardén, 2004) needs 

rmation will lead to delays and extra costs 
dur  ject
(Hong- ove
commu ng-
Minh e

It t  of 
interme nto a 
design ar on 
the market very seldom, if not only once. This is in contrast to other industries, 
wh  met
by the 

The co ery
possible mean while the suppliers focus at high volume production to increase their 
pro b

The lim ized
and clients are increasingly procuring co
and/or partnering criteria (Price and Newson, 2003). This has enabled many 

the effects of complexity are variable schedules or production (Kenley, 2005). In 

ction’s traditional approach to procurement has been through tende

en many construction organizations to adopt cost leadership (low-c
teg es with the benefit of producing low initial tender costs for the construc

However, this approach has frequently led to adver
ck et al., 2000) and insufficient consideration being given to whole life v

e client’s perspective (SOU, 2000:
tion is argued to be dependent on the

ers anding of the information c.f. (Cigén, 2003, Cigén and S
and requirements of the different parties (Love et al., 1999). As the different 
trading partners cannot completely trust each other, they try to limit the exchange 
of information as much as possible (Hong-Minh et al., 2001). 

Inadequate, incomplete and outdated info
ing the design stage but also during the production of a construction pro

Minh et al., 2001). One solution to all these problems is to impr
nication both between and within the participating companies (Ho
t al., 2001). 

is ypical of the construction industry that there are a large number
diaries who mainly serve as consultants to translate clients’ needs i
for construction. Of course, the main reason is that most clients appe

ere buyers find it easy to specify their needs and check that their needs are 
products offered to them (Bröchner, 1990). 

nstruction actors have a very individual focus on cutting costs at ev

fita ility. 

itations of the traditional approach to construction have been recogn
nstruction work based on best value

construction organizations to make better use of differentiation strategies through 
design/build, construction management, and facilities management. 

4.2 Complexity 
Complexity is a confusing term. On the one hand it describes things which are 
complex, such as construction. On the other hand it is an approach to understand a 
world in which complex systems exist (Kenley, 2005). With the later interpretation 
the sources of complexity are clients, external factors and site conditions, etc. and 



Chapter 4 – Theoretical framework 
    

46

this case the introduction of complexity as a term is a way of dealing with the fact 
that management systems fail to handle the inevitable consequences of complexity 

e progressively more so during the late 20th

te conditions are on the edge of chaos 

The fo d is 
of significant importance (Baccarini, 1996). However, the concept of project 
complexity has received little detail
(Ba r

A com em that comprises many 
components interacting
com e ips 
betwee 03), or as demands on 

t, 2004). Separate and diverse 
organisations, op rations and act nd c s of materials and 
knowledge are fa ake c  varying choices from 
project to project (Baccarini, 1996).

the production of products 

(Kenley, 2005). The reason for introducing the complexity term is then that it is 
indicated that the nature of complexity is beyond understanding and therefore 
beyond management (Kenley, 2005).

If we choose to interpret complexity in the first way suggested by Kenley there is 
no doubt that construction projects are complex that clients are complex and that 
planning and management of projects is complex. Construction projects are 
invariably complex and have becom
century (Baccarini, 1996). In fact, the construction process may be considered the 
most complex undertaking in any industry (Bennett, 1991). Complexity is the 
result of the failure of planning mechanisms and the apparent inability of plans to 
represent the reality of on-site construction (Kenley, 2005). This leads to the 
inevitability of chaotic behaviour on site, events which disrupt site processes will 
occur these events are unpredictable and si
(Kenley, 2005). 

re re an understanding of project complexity and how it might be manage

ed attention in project management literature
cca ini, 1996).  

plex system can be described as “any form of syst
 with each other”(Lucas, 2000). In construction the

pl x system has been studied as connections mainly consisting of relationsh
n actors and organisations, e.g., (Bertelsen, 20

connections between building components (Björnfo
e ivities, a haracteristic
ctors that m onstruction a process of 

Certain project characteristics provide a basis for determining the appropriate 
managerial actions required to complete a project successfully. Complexity is one 
such critical project dimension. As Bennett (1991) observes, "practitioners 
frequently” describe their projects as simple or complex when they are discussing 
management issues. This indicates a practical acceptance that complexity makes a 
difference to the management of projects. Furthermore,
or services of large scale or complexity is typically undertaken on a project basis 
(Baccarini, 1996). Consequently, project-based management is frequently 
associated with the management of complexity (Baccarini, 1996, Bertelsen, 2003). 
The importance of complexity to the project management process is widely 



Chapter 4 – Theoretical framework 
    

47

acknowledged, e.g. project complexity hinders the clear identification of goals and 
objectives of major projects; it is an important criteria in selecting an appropriate 
project organizational form; it influences the selection of the expertise and 
experience requirements of personnel and it affects the project objectives of time, 
cost and quality, generally, the higher the project complexity the greater the time 
and cost (Bennett, 1991). 

Construction projects are typically characterized by the engagement of several 
separate and diverse organisations, such as consultants and contractors, for a finite 
period of time (Baccarini, 1996). A complex organisational structure is one 
containing differentiated parts so that the greater the differentiation the more 
complex the organization. This differentiation has two dimensions (Baccarini, 
1996):

Vertical differentiation: This refers to the depth of organizational 
hierarchical structure, i.e. number of levels 

Horizontal differentiation: This can be defined in two ways: the 
number of formal organizational units or the division of tasks. The 

e more complex by 

phically separated offices. Such differentiation is typical in 

nto three facets: operations (equipping and sequencing 
f materials; characteristics of knowledge (Hickson et 

division of tasks can be made through division of labour or through 
personal specialization. Personal specialization is prevalent in 
construction projects as a result of the wide variety of services 
required to carry out construction work. Building projects belong to 
an 'adhocracy' organizational structure, i.e. high horizontal 
differentiation derived from professional and craft specializations. 
Complexity by personal specialization can be mad
having the specialists also differentiated by time and territory. That is, 
they work at different times during the project life cycle and/or at 
geogra
construction projects. 

The level of organisational complexity can be defined in terms of three types of 
interdependencies between organizational units--pooled, sequential and reciprocal 
(Baccarini, 1996). Reciprocal interdependencies represent the highest level of 
complexity and dominate the construction process. 

Technology can be divided i
of activities); characteristics o
al., 1969).  The concept of technology can be applied to the project production 
system as a whole or the tasks performed by individual human beings; and at any 
level in the project organization, e.g. total organization, group and individual.
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The management function of integration is particularly important for construction 
projects as they are typified by strongly differentiated but largely interdependent 
components (Baccarini, 1996). 

4.2.1 Technology as a complex activity 

osenthal, 2000): 1) technology newness, change, or novelty and 

senthal, 2000). These newness elements address characteristics 

nalisation of this definition integrates and 

Many (Baccarini, 1996, Mohr, 1971, Bertelsen, 2003) authors have discussed 
technological complexity in terms of the difficulties of task performance. This 
opens the definition of technological complexity to wide and diverse interpretation 
so that, for example, it is defined in terms of a broad range of attributes such as 
building type, overlap of design and construction, difficulty of location, and 
interdependence of operations. “Technology novelty” and “project complexity” 
are central contributors to task uncertainty in the product development project 
context (Tatikonda and Rosenthal, 2000). 

Literature, which differentiates projects by the technological challenges they pose, 
identifies two bases for characterizing types of product development projects 
(Tatikonda and R
2) project size, scope, or complexity.

New product development efforts have also been differentiated based on newness 
of the product to the customer or newness of the product market to the firm 
(Tatikonda and Ro
external to the actual technical development of a new product and are relevant from 
market selection and other strategic decision-making perspectives. However, these 
differentiations do not address newness characteristics internal to technical 
development because they give little sense of a project's technological challenges or 
project execution concerns (Tatikonda and Rosenthal, 2000). 

Tatikonda and Rosenthal (2000) define technology novelty as “the newness, to the 
development organisation, of the technologies employed in the product 
development effort”. The operatio
extends existing measures of technology newness by incorporating multiple 
elements of technology and by considering these elements in greater depth 
(Tatikonda and Rosenthal, 2000). 

4.3 Uncertainty 
The construction sector is characterized by particular complexity factors owing to 
industry specific uncertainties and interdependences and inefficiency of operations 
(Dubois and Gadde, 2002). As a project with a high degree of new, untested 
factors, e.g. new frame material, new actors, new type of project for most of the 
actors, I think that it is very important to consider the uncertainty that arises and to 
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try to find ways of minimising the negative effects that might arise from that 
uncertainty. 

Organizational tasks vary in their degree of uncertainty (Ballard and Howell, 
1998). The more uncertain the task, the greater the quantity and quality of 
information processing required during the task activity to generate necessary 
knowledge to complete the task (Tatikonda and Rosenthal, 2000). Higher task 

d that the team be made collectively responsible for maintaining the buffer 
(inc m

There reseen uncertainty, unforeseen 
unc a d a 
specific 02),
table 6.
Table 6:

Type of u hips 

uncertainty implies high variability in and unpredictability of exact means to 
accomplish the task, in turn leading to poorer task outcomes. 

Where levels of risk are considered low, project managers often deal with risk 
simply by including “slack” or time and cost buffers in their projects (Leach, 1999). 
In order to prevent slack from becoming a self fulfilling prophecy, it has also been 
propose

ite ent).  

are four types of uncertainty: variation, fo
ert inty and chaos, each with a specific role for the project manager an

ation of how to manage tasks and relationships (De Meyer et al., 20

 Characterizing Uncertainty in projects (De Meyer et al., 2002) 

ncertainty Project manager’s role Managing tasks Managing relations

Variation
nce

Trouble-shooter and 
expeditor

Simulate scenarios, 
incest buffers, set control 
limits, monitor deviation

Identify, communicate
and monitor performa
criteria 

Foreseen
ess

 and  uncertainty  
Consolidator of project 
achievements

Anticipate alternative 
paths to project goal  
Identify of foreseen risks  

Increase the awaren
for changes in form
motive

Unforese ing as well 
as being an ambassador  

iteratively 
s, m 

Maintain flexible 
relationships and strong 

en uncertainty 
Flexible in orchestration 
and network

Build in flexibility, plan Mobilize new partner

communication

Chaos (incremental 
learning) 

Entrepreneur and 
knowledge manager 

Gradually select final 
approach, verify goals on 
the basis of learning

Build long-term 
relationships replace 
contracts with 
partnerships, solicit direct 
and constant feedback 
from markets

Variation: Cost, time and performance levels vary randomly, but in a 
predictable range. A linear flow of coordinated tasks represents the 
critical path toward project completion. Variation in task times will 
cause the path to shift, but building in buffers helps the team to 
complete project within a predictable range. Managers must plan for 
buffers and use disciplinary executions. Relations should be managed 
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by identifying, communicating and measure against expected 
performance criteria. 

Foreseen uncertainty: A few known factors will influence the project, 
isks, or “chance nodes” can 
e planned, depending upon 

isks and contingent actions, but it 
must recognize an unforeseen chance node when it occurs and 

all stakeholders and to develop mutual 

bout organizational knowledge, learning and 
memory is abstract, the meaning of all knowledge lies with the context of its 

oltage, current and resistance, the terms knowledge, learning 

but in unpredictable ways. Major project r
be identified, and contingent actions can b
actual events and desired outcomes. Managers must identify risks, 
prevent threats and develop contingency plans. Relations should be 
managed through increasing the awareness for changes in 
environment relative to known criteria or dimensions.

Unforeseen uncertainty: One or more major influence factors cannot be 
predicted. The project team can still formulate a decision tree that 
appropriately represents the major r

develop new contingency plans midway through the project. 
Managers must solve new problems and modify both targets and 
execution method. To maintain flexible relationships and strong 
communication channels with 
beneficial dependencies is another important part. 

Chaos (incremental learning): Unforeseen events completely invalidate 
the project’s target, planning and approach. The project team must 
continually redefine the project’s basic premises and create new 
decision trees based on incremental learning. Managers must 
repeatedly and completely redefine the project. Relations should be 
managed through the establishment of long-term relationships with 
aligned interests. 

The types, table 6, are distinct but one single project is likely to encounter some 
combination of all four.

4.4 Knowledge creation 
While much of the discourse a

development and use. “Like v
and memory must be defined in terms of each other, and are only meaningful in terms of 
particular practices” (Spender, 1996). I have chosen to believe in Spender’s (1996) 
model because I feel that is can be used to illustrate some of the problems 
encountered by the construction industry, regarding learning. He implies that the 
meaning of all knowledge is tied up with the context of its development and use.
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One of the most common distinctions of knowledge frequently quoted is explicit 
versus tacit (Nonaka and Takeuchi, 1995). Explicit knowledge is described as 

anguage

as the institutionalized aspects of the 

(1996) proposes relationships between both the explicit and implicit 
, reflecting the 

derl tw  dialec
table 7.

 different organizational

ual

knowledge that can be easily expressed or codified, whilst tacit knowledge is 
personal and context dependent, and as such differs from explicit since it is very 
difficult to express, formalise or communicate (Fernie et al., 2003). Tacit 
knowledge is knowledge of which the actor was not explicitly conscious and 
which does not need to be fitted into or processed through a conscious decision-
making schema (Spender, 1996, Nonaka, 1994). The fact that an actor cannot 
articulate and communicate his or her tacit knowledge explicitly through l
does not mean that it cannot be communicated in other ways (Spender, 1996). 

Culture have been defined as what one has to know in order to be taken by the 
natives as one of their own (Goodenough, 1971). When we say that an 
organization has a culture, we mean it evidences considerable tacit knowledge in 
its praxis. Tacit knowledge is evident 
organization’s activities. The knowledge has been transformed into habit, made 
traditional in the sense that no-one can explain it, it becomes “the way things are 
done around here” (Spender, 1996).  

Spender
categories, between the individual and organizational categories and
organization’s un ying dynamism, be een these two tics themselves, see 

Table 7: The  types of  knowledge 

Individ   Social  

Explicit Conscious Objectified 

Implicit Automatic Collective

The individual categ e endent consciousne
knowledge is evalua  to ins ndar testing 

a se tion of
ticity” is the process of recognit rtificial intelligence and 

ttle to do with logical computation. 
Finally, the social implicit element of the individual’s knowledge processes is 
typ ll

4.4.1
In a w l to 
learn fr  this 

ory presupposes ind p ss. Socially explicit
ted according
nse of objectifica

titutionalized sta
(Spender, 1996). A

ion which, as a

ds of truth 
crucial instance which produce 

“automa
neurological research has revealed, has li

ica y called collective.  

Demonstration projects 
orld with few examples, few high-rise timber projects, it seems logica
om practices enacted within other industrial sectors. The problem with
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is that ts. 
Therefore demonstration projects, with the main aim to distribute experience that 
wil a then 
stud n y to 
show new
technol ples
with th cate 
is the p re 
then a  a 
demon rofitable on a large 
scal K

4.4.2
In the dge
of the  all 
govern  the 
knowle tors
or perso

This is by no means strange as individuals, in different ways, may disappear out of 
the d ject
particip  the 
fragmen stry.
Not to be forgotten in the context of the studied project, where a new 
system/ ring 
knowle  by 
project ht lead to others being able to conduct the same work as 

ase of the houses in Sundsvall are many, both individual 
 knowledge created in the project 

ortance of realising what projects that are 

knowledge created within the different organisations participating in the project, as 

managerial practices invariably are embedded within unique contex

l h ve an influence on mainstream building practises, is better alternative 
yi g other industries (Femenías, 2004). demonstration projects are one wa

research results and to reduce the perceived risks in adopting 
ogies (Kua and Lee, 2002). Demonstration projects should act as exam
e role of making the abstract comprehensive. Though, the need to edu
rimary nature of a demonstration project, but the project should be mo
highly specialised experiment (Kua and Lee, 2002). Before initiating

stration project the featured technologies need to be p
e ( ua and Lee, 2002). 

Knowledge  
case of construction project management I believe that it is the knowle
construction sector as a society that is considered the most important as
mental, and by the industry financed, projects takes measures to increase
dge in the construction sector as a group rather then focusing on key ac
ns.

 in ustry, but my experience is that most of the knowledge created by pro
ation stays with the persons involved in the specific project because of
tation in both the construction process and in the construction indu

material/technique is tested, is the competitive aspects of sha
dge. There is an obvious risk that sharing the knowledge achieved
 participation mig

you, hence, maybe oust you out of business.

The lessons learnt in the c
and organisational. The most important
organisation as a total might be the imp
development projects and how much development that is needed in them as well 
as to accurately plan for these needs. This type of knowledge is what Spender 
(1996) classifies as collective knowledge. 

The objectified knowledge (Spender, 1996) created by the project is not easy to 
differentiate from the conscious individual knowledge (Spender, 1996) as there are 
the strong, key individuals in the project and their knowledge that is visible to an 
outsider such as me as a researcher. It is also important to keep the social 
knowledge created within the project organisation separated from the social
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the later probably never will be available for the industry as a society, as it won’t be 
documented. This is one of the major problems with research on knowledge 
creation in construction as I see it.

The last type of knowledge, the individual automatic knowledge, is very hard to 
get a grip of (Spender, 1996). In this case, where my focus has been on the project 
organisation and on the actor level, I haven’t enough information on the individual 
level to analyse the creation of knowledge or of learning.  

The objectified quadrant is clearly strong on memory: libraries, data banks, 
standard operating procedures, rule-based production systems, and so forth, but

 codified as a set of notes, or a notebook, it 

also differs between the quadrants. The development of knowledge 
cientific method of trial and 

error alone (Spender, 1996). The part of meaning, and the explanation and 
codification of what is learned ract d experience, must also be 
considered.

4.4.3 Learning in construction projects

 across sectors, project managers in each sector are 
doomed to “re-invent the wheel”. This notion of “learning from other industries” 

t managers in the construction industry 

there is no knowledge development (Spender, 1996). Learning would mean only 
the processes of storage and retrieval, of adding to the library, creating the indexes, 
and withdrawing the books. The knowledge stored comes from elsewhere. 
Explicit memory systems are repositories, they store data rather than meaning and 
even falsified knowledge remains available, to be given meaning and used as 
considered appropriate (Spender, 1996). 

The individual’s conscious memory is
might be available to others. Un-codified and unavailable, it may even slip away 
from its possessor when most needed (Spender, 1996). Evidently the boundary 
between conscious and automatic memory is not clear.  

Learning
cannot be understood in terms of the explicit or the s

through p ice an

The concept of organisational learning and learning organisations has gained 
momentum in construction management research. It is widely acknowledged that 
organisational learning holds the key for companies to survive and prosper (Chan 
et al., 2004).

In this context it seems logical for project managers to learn from practices enacted 
within other industrial sectors. In the absence of knowledge sharing mechanisms 
for application within and

is especially prevalent amongst projec
(Fernie et al., 2003).  The underlying assumption of learning from other industries 
is that the capture and transfer of managerial knowledge between industrial 
contexts is unproblematic (Fernie et al., 2003). In contrast, the emerging academic 
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literature on knowledge management recognises that managerial practices are 
invariably embedded within unique contexts (Fernie et al., 2003). Therefore 
demonstration projects with the main aim to disseminate experience that will have 
an influence on mainstream building practises (Femenías, 2004), might be an 
alternative. Demonstration projects should act as examples and the example has an 
important role in the transmission of professional knowledge (Femenías, 2004). In 
general, examples have the role of making the abstract comprehensive. The 
practitioner could, through such projects, build up a personal stock of examples, 
images, understandings and actions to be used in new unfamiliar situations 
(Femenías, 2004). These “good examples” are usually shared and developed by 
individuals in a professional practice.

“knowledge workers”. The issue of knowledge sharing 
ortant to many project based organisations as they turn 

ion (Checkland and Howell, 1998) systems.

03). Weak ties limit the exchange of 

es of knowledge: conscious, objectified, 

Project teams consist of 
becomes increasingly imp
themselves into service companies that are increasingly divorced from the physical 
work of construction (Fernie et al., 2003).

The difficulty of distinguishing knowledge from information concerns many 
writers on knowledge (Nonaka and Takeuchi, 1995, Bell, 1999, Baumard, 1999) 
and informat

Knowledge is thus ultimately an individual’s ability to make judgments (Fernie et 
al., 2003). A knowledge sharing method must, hence, hold at its core the notion of 
the interaction of individuals (Fernie et al., 2003). 

Links or ties in a social network are considered to be the bridges by which 
knowledge sharing occur. The strength or weakness of the tie determines what 
type of knowledge is shared (Fernie et al., 2003). Therefore strong ties, identified 
by high-trust, lengthy timeframes and close relationships, are ideal for the sharing 
of tacit, complex knowledge (Fernie et al., 20
knowledge and even information (Fernie et al., 2003). 

Learning at the collective level is the outcome of the interplay between the 
conscious and automatic types of knowledge, and between the individual and 
collective types of knowledge as they interact through the social processes of the 
collective, such as teamwork.

The firm comprises several distinct typ
automatic and collective (Spender, 1996). Each implies different learning and 
memory processes. The types interact dialectically to form an organic system with 
knowledge both at the level of the system and at the level of the individuals it 
embraces. System level knowledge, whether objectified or collective, is not 
autonomous, existing independently of the individual members. It is a reflection of 
the social aspects of the individuals’ consciousness (Spender, 1996). The two levels 
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interact dialectically, constituting and reconstituting each other as suggested by 
structuration theory. Organizations are an evolved organic means to harness the 
creative properties of their participating members to the process of developing 

uguid, 1991). The key 

shing this 

el that can be used to analyse the case findings, the key concepts their 
arised in tables 8-12.

to which the model of lean production can 

system level capabilities (Spender, 1996). While a firm comprises both individuals 
with conscious and automatic knowledge, learning and memory capabilities, and a 
set of definable objectified resources, its most strategically important feature is its 
body of collective knowledge. This knowledge is both situated and embedded in 
the organization as a community of practice (Brown and D
to management’s impact on the firm’s strategy is the influence they exert over the 
growth and shaping of this collective knowledge.  

4.5 Summary 
Several scholars of construction have pointed out the lack of a theoretical 
foundation of construction as a barrier to economical and quality progress e.g., 
(Koskela, 2000, Andersson and Borgbrant, 1998).

One component of a theoretical foundation of construction should deal with the 
understanding of the processes of planning, design and management that engineers 
use (Koskela, 2000). Another component should be the understanding of processes 
of knowledge creation and of the reduction of technical and social complexity e.g., 
(Baccarini, 1996, Cigén, 2003, Fredriksson, 2003). One way of accompli
is through the study of pilot projects (Ds, 2004:1). These processes are dependent 
of the strategic choices made by the managers of companies involved in 
construction projects, both for the company in total and for a single project.  

In this summary my intention has been to summarise the theories and to create an 
analysis mod
references and theoretical area of origin are summ

4.5.1 Lean Construction 
Lean construction have seen a growing international academic interest in recent 
years (Howell and Ballard, 1998, Koskela, 1992, Björnfot and Stehn, 2005). Such 
research seeks to investigate the extent 
be applied to the construction industry. In the construction sector the project 
culture is predominant while the company culture is stronger in the manufacturing 
industry (Riley and Clare-Brown, 2001), this indicates that knowledge transfer 
between the industries requires a redesign of philosophies and methods (Bergström, 
2004). Lean construction is suggested to be one such redesigned philosophy that 
offers situation adapted methods. The theoretical background of the lean 
construction paradigm is lean thinking (Womack and Jones, 2003).
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The main feature of lean thinking is the management of the transformation process 
to promote flow (Koskela, 2003). Research within lean construction seems to 
focus on theoretical studies of the whole construction process (Saad et al., 2002, 
Koskela, 2003, Ballard and Howell, 2003).

The primary goals of the lean construction concept are increased customer and 
flow orientation, waste minimisation (through focus on value adding), product 
quality and reduced costs. This can be done in a number of ways e.g. through 
improved logistics, improved supply chain management or improved management.  
Table 8: Key concepts of Lean construction, their references and theoretic area of 
development 

Concepts was developed Key references Theoretical area where concepts 

Transformation view 
Flow view 
Value generation view 

Construction management/Lean 
construction

Bertelsen & Koskela (2002) 

Contract management Construction management/Lean Koskela (2000) 
Process management 
Value management 

construction
Doctoral thesis 

The contribution of lean construction to this thesis is that I have used, figure 17, 
the “views”, see table 2, and “management forms”, see table 3, suggested by 
Koskela (2000) and Bertelsen and Koskela (2002), to analyse the studied case.  
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Figure 17: Lean construction terms used for analysis  

Process planning and  
Project management  

Cooperation

Lean Construction 

Strategic focus 

Transformation view 
Flow view 

Value generation view 

Contract management 
Process management 
Value management 
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4.5.2 Cooperation 
Cooperation can be defined in many different ways, e.g. partnering, joint ventures, 
vertical integration, and it is close to impossible to give a distinct definition of any 
one of these terms. The feature that links them together is that they tend to be 
characterised by a certain relational behaviour that distinguishes these, more 
intimate relationships, from traditional business relationships. These behavioural 
characteristics might include attributes such as: commitment, co-ordination, 
interdependence, trust, communication quality and participation, information 
sharing, relationship outcome (expected value), relationship benefits and shared 
values. The problem with these relations is that it is easier to assess the costs than 

cause the benefits show up less clearly in company 

planning, formalised marketing 

the benefits of them, be
accounts.

The marketing literature on buyer-seller relationships reveals that successful 
partnerships tend to exhibit high levels of joint 
programs, co-operation, communication, trust and long-term commitment, and to 
shift the buyer’s attention towards managing the desired output rather than 
focusing on the operations of the suppliers. 
Table 9: Key concepts of Cooperation, their references and theoretic area of 
development 

Concepts Theoretical area where concepts 
was developed Key references 

Relationships in business 
marketing

Fontenot & Wilson (1997)  

Distributor-manufacturer 
relationships

Partnering/
marketing continuum 

Partnering and its application to 
the construction industry  

Thompson & Sanders (1998) 

Partnership success indicators and Mohr & Spekman (1994
attributes

)

Partnership management Simpson & Wren (1997) 

Commitment
Co-ordination 
Trust  
Communication Supply chains and partnering Hong-Minh et al. (2001) 

I have used the cooperation literature and theories, figure 18, as a basis for the 
discussion on how the relations between the actors in the case affect the 
complexity of the project and how this complexity might be reduced or at least 
taken care of in a different and, hopefully, better way then today. 
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Figure 18:  Terms defining cooperation used for analysis  

4.5.3 Strategic focus 
The long-term survival of most large organisations depend upon effective strategic 
focus based on sound strategic planning (Betts and Ofori, 1992, Tan et al., 1999). 
This is especially true for construction organisations, which have to provide 
complex projects within a turbulent and competitive environment (Betts and 
Ofori, 1992).

Construction’s traditional procurement approach has been through a tendering 
process designed to achieve minimum cost (Price and Newson, 2003). This has 
driven many construction organizations to adopt cost leadership (low-cost) 
strategies with the benefit of producing low initial tender costs for the construction 
phase.

Table 10: Key concepts of Strategic focus, their references and theore c area of 

Concepts Theoretical area where concepts 
was developed Key references 

ti
development 

Cost focus 
Differentiation focus 

Industrial
organization economics 

Porter (1985) 

Proces
Project ma

s planning and  
nagement  

Cooperation

Lean Construction 

Strategic focus 

Transformation view 
Flow view 

Value generation view 

Contract management 
Process management 
Value management 

Partnering/marketing continuum 

Commitment
Co-ordination 

Trust  
Communication  
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To achieve this it is essen
want to act on the mark

tial that construction organisations decide on how they 
et. To analyse the case and its actors from a strategy 

Figure 19:  Terms defining St  fo

mplexity and 
plexity describes things , such as t is also 

o understand a ex sys  2005).

nature, quantity, 
and magnitude of organizational subtasks and subtask interactions posed by the 
project.

perspective I have used Porter’s (1985) three main types of competitive strategies: 
Cost leadership, differentiation and focus. This gives some implications to how the 
actors may act in future projects. 
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rategic focus concepts used r analysis  

4.5.4 Co uncertainty 
Com  which are complex  construction, but i
an approach t  world in which compl tems exist (Kenley,

Construction projects are invariably complex and have become progressively more 
so during the late 20th century. Separate and diverse organisations, operations and 
activities, and characteristics of materials and knowledge, are factors that make 
construction a process of varying choices from project to project (Baccarini, 1996). 
Tatikonda and Rosenthal (2000) define project complexity as the 

Process planning/ 
Project management  

Cooperation

Lean Construction 

Strategic focus 

Transformation view 
Flow view 

Value generation view 

Contract management 
Process management 
Value management 

Partnering/marketing continuum 

Commitment
Co-ordination 

Trust  
Communication  

Cost focus  
Differentiation focus 
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Table 11: Key concepts of Complexity and uncertainty, their references and theoretic 
area of development 

Concepts Theoretical area where concepts 
was developed Key references 

Project complexity in project 
management towards the 
construction industry. 

Baccarini (1996) 

Relationships between product 
development project, 
characteristics and project 
outcomes.

Tatikonda and Rosenthal (2000) 

Interdependence 

Construction, loosely coupled 
systems, productivity and 
innovation.

Dubois and Gadde (2002) 

De Meyer et al. (2002) 
Variation
Foreseen uncertainty 
Unforeseen uncertainty 
Chaos

Industrial management, project 
management, risk assessment and 
uncertainty. 
Complexity as an effect of 
insufficient planning 

Kenley (2005) 

Vertical project differentiation 
Horizontal project differentiation 

Project complexity in project 
management towards the 
construction industry. 

Baccarini (1996) 

Technology novelty development project, 
characteristics and project 

Relationships between product Tatikonda and Rosenthal (2000) 

outcomes.

Complexity is one project characteristic that provide a basis for determining the 

izational tasks vary in their degree of uncertainty. Higher task 

manager and a specification of how to manage tasks and relationships. 

f interdepend ns or organisational units: 
pooled and mutual highest level 

ty and dominate the construction process. Organisational complexity 
described b anisational, vertical or horizontal, 

appropriate managerial actions required to complete a project successfully. 
Therefore, project-based management is frequently associated with the 
management of complexity. Technology “novelty” and project “complexity” are 
central contributors to task uncertainty in the product development project 
context. Organ
uncertainty implies high variability in, and unpredictability of, exact means to 
accomplish the task, in turn leading to poor task outcomes. 

There are four types of uncertainty De Meyer et al. (2002): variation, foreseen 
uncertainty, unforeseen uncertainty and chaos, each with a specific role for the 
project

The level of organisational or technical complexity can be described in terms of 
three types o encies between organisatio

. Mutual interdependenciespooled, represent the 
of complexi
might also be 
differentiation.

y the level of org

60
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I this theses the main focus for the literature review on complexity and uncertainty 
have been on finding the components that make high-rise timber frame housing 
complex, apart from the fact that all construction projects by nature are considered 
complex, the main concepts used for analysis are presented in figure 20.

Interdependence 

Variation 
Foreseen uncertainty 

Unforeseen uncertainty 
Chaos

61

Figure 20: Complexity and uncertainty concepts used for analysis 

4.5.5 Knowledge creation and learning 
The concept of learning has gained momentum in construction management 
research. It is widely acknowledged that organisational learning holds the key for 
companies to survive and prosper (Chan et al., 2004). In this context it seems 
logical for project managers to learn from practices enacted within other industrial 
sectors. In the absence of knowledge sharing mechanisms for application within 

 “re-invent the 
 other industries is that the transfer of 

s unproblematic. In contrast, academic 

ge that can be easily expressed or codified, hence, “easy” to transfer 
between individuals and organisations, whilst tacit knowledge is personal and 

and across sectors, project managers in each sector are doomed to
wheel”. The prerequisite for learning from
knowledge between industrial contexts i
literature on knowledge management says that managerial practices are invariably 
embedded within unique contexts (Fernie et al., 2003). The meaning of all 
knowledge is tied up with the context of its development and use. Therefore 
demonstration projects with the main aim to disseminate experience that will have 
an influence on mainstream building practises (Femenías, 2004), might be an 
alternative.

One of the most common distinctions of knowledge frequently quoted is explicit 
versus tacit (Nonaka and Takeuchi, 1995). Explicit knowledge is described as 
knowled

Complexity Uncertainty 

Vertical project differentiation 
Horizontal project differentiation 

Technology novelty 
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context dependent, and as such is very difficult to express, formalise or 
communicate (Fernie et al., 2003).

: Key concepts of K r oretic area of 
development 

Concepts cepts Key references 

Table 12 nowledge creation, their refe ences and the

Theoretical area where con
was developed 

Femenías (2004) 

Demonstration projects 

Demonstration projects, 
sustainable development, 
architecture, housing, buildi
sector 

ng
Kua and Lee (2002) 

The firm as a dynamic syst
processes in

em of 
volving several 

al learning, 

Spender (1996) 

different types of knowledge  
Behavioural sciences, 
Organization
Organizational theoryExplicit knowledge 

Implicit knowledge Knowledge sharing between 
fferent contexts 

 from 

Fernie et al. (2003) 
di
Project managers in the 
construction industry learning
other industrial sectors 

The fact that tacit knowled te e e
that it canno  other ways, for example through 

demonstration projects. Spender (1996) proposes a relationship between explicit 

se

ge is hard to communica
t be communicated in

xplicitly through languag
does not mean 

and implicit (tacit) learning on the individual and organizational levels.

The main concepts used for analysing the case from a knowledge creation point of 
view is demonstration projects, explicit and implicit knowledge, see figure 21. 
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Figure 21: Processes of knowledge creation and learning used for analysis of the ca

Processes of knowledge 
creation 

Learning

Demonstration projects 

Explicit knowledge 
Implicit knowledge 
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5 Case 

5.1  Case background 
The Scandinavian construction heritage is largely a 
tradition of timber construction. Wood has been used 
not only as the load-bearing frame of buildings, but also 
as the façade, the roof, and the material of doors, 
windows and other supplementary components. For over 
a thousand years, the traditional construction technique 
in the entire Northern coniferous forest belt used and 
timber frames.

Sundsvall, a mid sized city situated on the eastern coast of 

nd great 
d build 

f the workers lived in the city. Nevertheless, 

central Sweden that got its city privileges in 1621, was no 
exception to this. With large forests close by a
rivers and streams to transport the timber an
sawmills in, Sundsvall put forward a request to the 
government for permission to export timber as early as 
1649. The request was denied and it took until 1660 
before permission to export was granted and until 1812 
before the export became free. 

With the introduction of steam saw mills that could be 
placed along the coast line the prerequisites for the 
expansion of the wood handling industry was created. 
The first steam saw mill was founded in Tunadal 1849 
followed very rapidly of large amount of other sawmills 
in the district around Sundsvall.

At this time most sawmills were situated around the city 
and many o
Sundsvall was more characterised by other functions such 
as trade and shipping then of the sawmill industry. Boats 
with destinations all around the world operated 
Sundsvall’s harbour. Large fortunes were made in the 

Sundsvall is a 
medium-sized
community with a 
population of 94,500, 
situated in the centre of 
Sweden, some 400 
kilometres north of 

ckholm. The town 
proper is located on the 
coast of the Gulf of 
Bothnia, between the 

Sto

rivers Ljungan and 
Indalsälven and is the 
main urban centre of 
the region. 
Approximately 200,000 
people live within one 
hour’s travelling 
distance, the largest 
concentration of 
population in the 
Norrland region. 
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city. Tradesmen sawmill managers, ship owners and 
others used the situation for building up great wealth.

se factories, steam sawmills 
entre for transport a

traffic.

ildings i ically
considering the sawmills, m f wood. In 1888 larg
parts of Sundsvall city was destroyed by a large fire, 9 000 
people were left without h cit
council decided that the inner parts of the city should be 
rebuilt in stone and nothing else. As stone was a relatively 

ing material e to be a 
althy.

The enormous fire in Sund hough the 
worst, of many fires raging Swedish cities during the 19th

century and in the end of the century the Swedish 

the new regulations, as a total, haven’t implied a 
transition to functional demands even though to the 
industry have become more functional oriented. A total 
transition to functional demands puts higher demands on 
specification. The functional demands must be based on 
measurable entities that can be specified and verified in 
the design, controlled in the production phase and 

requirements doesn’t exist today. The overall purpose of 
the reduction of details in the new regulations was to 
increase the possibility to choose different solutions, 
constructions and materials. This is meant to stimulate 
the edification of knowledge and facilitate a faster 
development and introduction of new technique among 
the actors in the building sector. 

The harbour area in Sundsvall was, during the 19th

century, a location for cellulo
and a c ation by rail road and bo t

Most of the bu n the area were, log
ade o e

omes. After the fire, the y

expensive build  the inner city cam
city for the we

svall was just one, t

government decided to prohibit wooden houses higher 
then two stories to prevent new city fires.   

This regulation was in effect until 1994 with the 
introduction of the new, performance based, Swedish 
building code. The new regulations contained less 
detailed demands compared to previous regulations. Yet, 

evaluated during maintenance, such specifications for all 
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The new, performance based, building regulations made 
it possible to build multi-storey houses with timber 
frames as long as their function, with respect to the 
demands given in the regulations, is verified. 

1994 the government, the wood 
 the building industry set off 

resources to develop the technique for timber 
 R&D-program in 

ere mainly seen as development projects. 

During the years after 
working industry and

engineering, e.g. the SkeWood
Skellefteå, WDAT R&D-program in Växjö and 
Massivträkonsortiet. The later was a cooperation among 
firms of the sawmill, construction and wood working 
industries in Northern Sweden.  

As a result, some timber frame houses has been built, 
among others Trähus 2001, that was built for the Bo01 
fair in Malmö, and Gammfällan in Vindeln, see figure 22. 
These projects w
Yet, real show-off projects, as for example Gardemoen 
airport in Norway and the concert hall in Lahti, Finland, 
figure 23, are still missing in Sweden.   

Figure 22: Trähus2001, Malmö (photo by Sture 
Samuelsson), to the left, and Gammfällan, Vindeln 
(photo by Industrikonsortiet Massivträ, Peter Rosen, 
PixMix), to the right

The challenge for the wood working industries today is 
to create systems for timber construction that are 
competitive to concrete and steel systems. The project in 
Sundsvall is one attempt to develop such a system and at 
the same time show-off timber as a material for multi-
storey housing.
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Figure 23: Oslo airport, Gardemoen, Norway and 
Sibelius House, Concert and Congress Centre Lahti, 
Finland

5.2 The inner harbour area of Sundsvall 
In June 2002 Sundsvall’s city changed the detailed city 
plan for the inner ha

66

rbour area, and made it mandatory 

area offered a 

ll’s municipality, has 
increased their outlet rate from just over 90% in 1998 to 

In design and build 
contracts the client 
hires an architect to 
produce an initial 
design incorporating 
only the minimum 
details necessary to 
receive planning 
permission. The design 
is then the basis for 
competitive tenders. 
The successful 
contractor controls the 
detailed design, the 
specification process 
and the construction 
process and deals 
directly with the client. 
Design and build, 
however, still only 
accounts for a small 
minority of construction 
projects in Sweden.  

with regards to house dimensions, gable direction and 
solid wood construction.

The decision to change the city plan was built upon the 
wish to “develop the area from an industrial to a residential 
area and thereby a natural part of the city”. The 
magnificent view over the bay of Sundsvall and the 
outflow of the Selånger stream and it was therefore an 
attractive area for residential housing.  

The decision to make the plan mandatory with regards to 
construction material met quite a resistance from the 
Conservative party in the municipal executive board and 
council. It was finally accepted because of Sundsvalls 
history as a city built upon the wealth achieved from the 
sawmill industry and because of the value of contrasting 
the Stone city which constitutes the core of Sundsvall.

This opened up the possibility to try to make solid wood 
frames competitive on the local, and eventually national, 
construction market.  

5.3 Project background 
Mitthem AB, who is the largest landlord in Sundsvall, 
with a total of around 4450 apartments, and a fully 
owned subsidiary to Sundsva
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99, 9 % in 2003 on their apartments, i.e. there are no 
more flats to let out. This shows that the demand for 
apartments was increasing within the Sundsvall region.

This increasing demand for apartments was the initiating 

The declaration of this 

factor for Mitthem’s involvement in the exploitation of 
the inner harbour area, figure 24. The magnificent site 
made the area ideal for residential housing. Another 
reason given for Mitthem’s interest in the area, though it 
may be it didn’t exist in the initial phases of the project, 
was that Mitthem wanted to take a part in promoting 
timber construction in Sweden and market Sundsvall as 
the timber capital of Sweden. 
project being an opportunity to develop and promote 
multi-storey timber houses has made the project a pilot 
study. This has attracted financial support from the 
government and the county administrative board as well 
as from the municipality and actors within the forest, 
construction and wood working industries.

Figure 24: Layout of Sundsvall’s inner harbour 

The project was initiated by Mitthem in the end of 2002. 
To increase the influence of the contractor on the design, 
and thereby get a more creative architectural and 
technical solution, Mitthem decided that this project 
should be managed as a design-build contract. 
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The tendering phase started in the beginning of 2003 
when Sweden’s three largest contractors, NCC 
Construction AB, Skanska AB and PEAB, and one 
smaller contractor, Lindbäcks bygg AB, specialized on 
prefabricated volume timber construction, were invited 
to participate in a contest. Each of the companies should 
present an architectural proposal for five six storey houses 
on the harbour area of Sundsvall.

ndsvall 
es solid wood constructions for the area where 

The main reason for this 

 documents for a 

howed to be the 
 final choice of 

The building plan for the inner harbour area in Su
prescrib
domestic houses are proposed, figure 24. 

From the start of the project Mitthem said that they 
didn’t think that it was right for the local plan to 
prescribe which construction material that should be used 
and that they were very uncertain about conducting a 
timber frame project. 
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uncertainty was that Mitthem didn’t think that there 
were buildable solutions for six storey timber frame 
houses on the market. Never-the-less they decided to 
carry out the project because of the urgent need of 
apartments due to the high outlet rate in Sundsvall. 

The four contractors got the tendering
timber structure, but they were also allowed to leave 
their own proposals, for example on a concrete 
alternative. The own proposals were supposed to be an 
alternative for discussion with the authorities if a timber 
structure proved to be too expensive to conduct, e.g. 
more expensive then Mitthem's budget allowed.  

The contractors presented one proposal each on the

SABO - the Swedish 
Association of 
Municipal Housing 
Companies - is the 
organization of the 
municipal housing 
companies in Sweden. 
Approximately 300 
companies affiliated 
manage 830.000 
dwelling units. 
Altogether 1, 4 million 
people live in SABO 
homes.
SABO provides 
expertise in different 
fields, exchanges 
experience between its 
members and 
cooperates with 
national authorities and 
organizations.

SABO, Swedish Association of Municipal Housing 
Companies exhibition in June 2003. Three of the 
contractors presented timber alternatives and one 
presented a concrete alternative (and no timber proposal 
at all). The most expensive alternative s
concrete solution. The reasons for the
solution, and thereby contractor, was both economy and 
aesthetics.
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Mitthem was a ”more then one time client” to NCC and 
the construction market in the Sundsvall region is 
relatively small which meant that it was strategically 

which started in may 2004. Each of the houses contains 
five stories and an attic which will contain apartment 

important for NCC to pay attention to the request for 
proposal for Sundsvall’s inner harbour and in October 
2003, NCC, got the contract for three houses (1-3) with 
an option on two more (4-5). The tender price for the 
three houses in the first stage was ~70 million SKr.  

During the project there have been design meetings once 
every month, except for the autumn 2004 where there 
was a drop in intensity of the meeting frequency and a 
peak in design work intensity, and since the start of the 
production in May 2004 there have been construction 
site meetings with the same frequency.

As the project is complex in both technique and 
relations, there have been a lot of issues to solve during 
it; some of these are shown in figure 24. 

2003 2004 

External architectural design of the houses 
Internal architectural design of the houses 

Contractual issues 
Procurement of material and services 

Building permits 
Design and production of the frame system 

The foundation 
Landscaping design 

Installations 
Fire resistance issues 

Acoustic issues 
Weather protection 

Assembly 
Logistics

2005

Figure 25: Issues to be solved during the project

5.4 Design 
The design of the first three houses started in December 
2003 and it was in progress up to the start of, and in 
some parts even parallel with, the production phase 
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areas, fan room and storage areas for the apartments. The 
houses in the first stage will contain 20 apartments of 
different sizes with the emphasis on small, two rooms and 
kitchen, apartments. The two houses in the second phase 
mainly contain larger apartments.

The design of the second phase houses started in 
December 2004. In phase two, the framing system was 
exchanged from solid wood units to a system of 

y it should take 

scantlings with solid wood slabs. The reasons claimed, by 
the contractor, for this change was that the system was 
more familiar to the assemblers and thereb
less time to finish, which in turn should make the 
production a lot less expensive. The location on the 
outer parts of the dock makes more piling necessary for 
the stability of the houses. Piling is expensive so keeping 
the cost for the frame system down was important for the 
over all budget of the project. 

Figure 26: The site in March first 2005, photo by 
Svanthe Harström

The preliminary moving in dates for the first three houses 
was:

House 1 Mars first 2005, see figure 26 

 in 1874 when a 
framework of rules and regulations for building in 

House 2 May first 2005 

House 3 July first 2005 

5.4.1 Regulations and demands  
There are lots of demands and regulations that have to be 
taken under consideration when building large domestic 
houses, e.g. BBR, BKR, Plan- och bygglagen. The first 
Swedish building regulations came
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Swedish cities was introduced by the government. In the 
end of the 1980’s an EC directive, Construction Products 
Directive (CPD) that stipulated a more functional view 
of the regulations was presented. This meant that the 
judgement of a construction, according to a number of 
different demands, should be based on the function of the 
construction as an entity instead of on the details of the 
construction. Most of the EC countries have harmonised 

Noise reduction 

Energy efficiency and thermal insulation 

One of the most difficult technical problems with multi-
storey timber construction has been to manage to create a 
sufficient acoustic insulation. But slabs and walls can be 
designed in a way so that acoustic class A is obtained. For 
light weigh floor structures impact sound at low 
frequencies is the largest problem, mainly because of the 
low self-weight of the slab.

5.4.2 Full-scale testing 
Over all, the uncertainty about how the frame affects the 
acoustics has probably caused over dimensioning of the 

.g. special 
d transmission within shafts, the 
achine and fan installations was 

their building regulations with this directive. Sweden is 
one of the countries that have adopted the CPD, and the 
six requirements put on Swedish buildings today are: 

Stability, load bearing capacity and durability 

Fire resistance Acoustic insulation of 
residential houses 
Residential houses can 
be placed into four 
different acoustic 
classes, A to D, after 
their performance 
according to acoustic 
behaviour. The 
behaviour stipulated as 
minimum level by the 
Building Regulations is 
class C. Class B shall 
correspond to a “good” 
acoustic environment, 
class A to a “very good” 
acoustic environment 
and class D may be 
used to classify old 
houses.

Hygiene, health and environment 

Safety during use 

safety measures taken during the design, e
solutions to stop soun
choice of washing m
dependent on the frequency of their work.   

As this type of pre-fabricated timber modules are new to 
the market there are very few solutions that are tested in 
full scale for issues such as acoustics performance and fire 
safety. The regulations contain functional, not explicit, 
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demands which mean that it is hard to optimize the 
solutions without full scale testing.  Phase 1 (house 1-3), 
will function as the first full-scale test for this frame 
system and it will be helpful for the optimisation of both 
fire safety and acoustic solutions in phase 2.

For this reason the architect chose facades made of 
glulam façade panels in two different colours for each 
house, see figure 27. 

5.4.3 Architectural description 
In the architect’s proposal, the houses are grouped in 
open blocks which were in line with the local building 
plan. The five houses were situated with the gables facing 
the docks to accentuate the harbour characteristics. The 
timber frame was partly visible in the interior, in the 
surface of the floors and in some walls. 

The architectural motto for the inner harbour residential 
area has been ”the wood yard” which is supposed to 
inspire and give rise to thoughts about the places history, 
the forest, the material etc. 

Figure 27: The east, west and north gables of the first 

ea was that the steep roofs (37 º), the horizontal 
glulam panels, which are painted with distemper colours, 
and e pigmented 
oil, s mind to old storage 
buildings which were m
had in

l the ones on the 

phase houses 

The id

 v rtical panels, which are painted with 
 should direct the viewer

ade of horizontal timber logs and 
 w dow shutters.  

The ba conies are of two different types, 
north, south and west gables are small, for ventilation, 
and the ones on the east gable are large and glassed-in.

One critique about the architectural solution, from other 
architects and by structural designers, for these houses 
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was been that the interior solutions (flat layouts) weren’t 
optimized for timber houses.  

The architecture doesn’t take the load-bearing directions 
into consideration, which has made it necessary to 
increase the dimensions of the load-bearing inner walls 
and, hence, the apartment area is decreased. The main 
reason for this need for over dimensioning was that the 
choice of an eastern, glass façade, lead to difficult and 
uneconomical consequences for the stabilisation of the 
houses since no trustworthy solutions or knowledge on 
massive wood diaphragm action or how to utilize glass as 
a st l  the 
central wall to take large loads and the foundation had to 
be si are of these loads, this was the 
reas  undation very 
expensive.

The reasons for this unfortunate architectural solution 
may s  actors in the project, be a 
combination of many reasons, e.g. lack of 
communication between the architect and the frame 

ion
main contractor procures 

tractors. In this case 

 and so on. 

abi ising material exist. This forces the design of

de gned to take c
on for all of the piles that made the fo

, uggested by the

system supplier, lack of knowledge about construction 
and the frame material or maybe just ignorance. 
However, it is strange as the architect has a pronounced 
interest to become competitive in timber construction 
architecture.

5.4.4 Project organisat
In a design-build contract the
suppliers, consultants and other con
NCC chose to procure these services in a way so that the 
actors procured, in their turn, may engage (procure) 
suppliers, consultants and other contractors, e.g. design-
build sub-contracts.  So NCC procured an architect, a 
design engineer, a heating and sanitation contractor, a 
ventilation contractor, an electrics contractor
Then the electrics contractor has procured an electrics 
designer, the heating and sanitation contractor has 
procured a heating and sanitation designer etc, figure 28.  
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5.4.5 Earlier experience of solid wood projects 
NCC has previous solid wood experience since they 
(2000-2002) was involved in a development project 
concerning massive wood construction and design, i.e. 
the Manual for Solid Wood Construction. The purpose 
of the development project was to promote the use of 
solid wood in construction. Within the development 
project a, two storey house was built, Kv. Gammfällan. 

The individuals at NCC that were involved in the 
development project provided a great help during this 
project. They actually functioned as project developers, 
figure 29, aiding different possible frame suppliers with 
knowledge. Another example of this was that they helped 
the architect and designers with how the regulations for 
solid wood houses affect the design possibilities.
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Figure 29: The tendering phase of the project from the 
contractors view, c.f. Cigén, 2003 

To share some of the experiences and lessons learned 
from the development project, one of the leading 
participators, the project developer in this case, held a 
meeting where the engaged architect and the managers 

Kv. Gammfällan was 
one of the first projects, 
in Sweden, with both 
walls and slabs of solid 
wood. The choice of 
frame system was made 
to be able to evaluate 

n and 
sound insulation point 
of view. All of the slabs 
in the house are made 
of solid timber. In two 
of the apartments pre-
stressed, apartment 
separating, slabs were 
used and in the two 
others cassette type 
slabs were used. The 
slabs are complemented 
with on-site assembled 
ceilings or gypsum 
boards. Three different 
types of load-bearing 
walls were used in the 
house; a scantling 
construction, nailed 
solid wood walls and 
glued solid wood walls.

Frame
supplier

Project
developer 

Architect 

Desig-
ner

Frame
supplier

Client

Chief of 
work at the 
contractor

Calculator 
Instalations 
coordinator 

Frame
supplier

Frame
supplier

the solid wood system 
from a productio
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involved in this project participated, figure 30. After that 
meeting NCC and the architect spent about two months 
to produce a conceptual design for the building to the 
official presentation of the tenderer's architectural 
proposals in June 2003.

Even though the Industry Group Solid Wood 
Construction obviously have been a help in the decision 
process for the construction of the houses in the inner 
harbour of Sundsvall, the level of the development of 
solid wood construction systems seems to have been 
overestimated. If the right level of the systems had been 
acknowledged by NCC they might have chosen a 
different approach to the design phase of the project and 
taken an even larger responsibility to make the 
information flow between the designers work. 

Figure 30: Meeting participants, c.f. Cigen, 2003 

5.5 Relations 
It has been clear that the project manager, the architect 
and the solid wood supplier have been the main actors in 
this project, figure 31.

Martinsons “has played the typical entrepreneurial role, 
of the one who solves all problems, nothing is 
impossible” and they have, according to the project 
manager, managed it very well.

Mitthem has, of course, played a great part in the 
tendering and pre-tendering phase. Naturally, their part 
has been smaller in the design and construction phases,

Project
developer 

Architect 

Designer

Chief of work 
at the 

contractor

Installations 
coordinator 
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but their representative has conducted in the meetings 
held to see to it that their requirements are fulfilled.  

The relation between White Architects AB and NCC 
was not very well developed, e.g. they hadn’t worked 
together very much before this project. NCC’s office in 
Umeå got the initial request to participate in the 
architectural contest, and they were to decide the 
architect to work with. By tradition NCC’s office in

 project 
as that White has a pronounced interest in timber as a 

onstruction material. During 2-3 years, they have stated, 

Umeå work together with FFNS in Umeå and therefore 
it has been difficult for other architects to get a chance to 
participate in housing projects in the region. But in this 
project they chose to work with White Architects AB.  
So this is a new relation, even though the NCC and 
White have worked together with the design in other 
projects, none of them have ever been built. The reason 
for NCC's choice of a different architect in this
w
c
in their market plan that they should conduct a timber 
housing project and the architect involved in the project 
in Sundsvall has pronounced a personal interest in wood 
structures.

As the houses in Sundsvall fitted well in to the firms’ 
strategy and with the architects own interest this was a 
great opportunity for White Arkitekter AB. The architect 
had a meeting with NCC’s “wood construction expert”, 
figure 31, and their installation coordinator where they 
planed and sketched the project.
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Figure 31: Relations between the actors 

NCC purchased the timber frame supplier for this project 
 there to 

 installations, well tested and 
bly of the frame and facades, 

ject” and one of the reasons why 

gly engaged an external 

problems in the communication of information between 

as a traditional frame for houses. They expected
be solutions ready for construction, e.g. fire and acoustic 
tested shaft solutions for
working methods for assem
systems for mounting the frame to the concrete 
foundation. But, according to Martinsons, “the project is 
more of a development pro
Martinsons participates is that they “want to develop new 
standard solutions”.

Martinsons are aware of their lack of experience of the 
building process and has accordin
drawing and construction consultant, Consultec Group 
AB, see figure 31, to help with this.  

The cooperation hasn’t been very successful due to some 
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Consultec and NCC and the designers so the supplier has 
handled the demand of information from NCC and the 

on manufacturing solid wood elements it is 

The over-all feeling is that Martinsons will have to 
develop easier and better design tools, e.g. an 
advancement of the Glulam handbook, if the system is to 
become competitive. The designers have to be able to 
compare different systems and solutions and preferably 
also compare the total cost of using the different systems. 
The instructions given in manuals are to theoretic, more 
hands on information is needed.

The installation designers were purchased by NCC and 
they have entered the project as if it was a traditional 

other designers by involving more actors in the project, 
more designers and more sub-contractors. This has lead 
to confusion as the communication between these actors 
hasn’t been coordinated and thus has lead to different 
answers and solutions being suggested depending on 
who’s been asked.

The designers have felt that there have been too many 
different static designers involved in the project. They 
have had some problems to coordinate the information 
flow and when Consultec sent their very many drawings 
to the designers a total confusion arose. This should have 
been an issue for NCC as they are the design-build 
contractor and thereby have the responsibility for 
coordinating the total construction process. Though it 
might seem as if there has been no functioning 
information flow within the project, obviously that isn’t 
true as the houses are built, and that quite in 
coordination with the time plan. Martinsons had very 
good internal information flow, they are highly 
competent
the communication with the construction process 
partners that has been problematic.

The architect has had a well functioning coordination 
with the installation designers, even if they haven’t 
agreed in every issue, e.g. the size needed for the shafts 
and so on.
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housing project. The result has been that the installation 
designers feel that the project has demanded more work 
then they expected and calculated their tender sum on.  

The heating, ventilation and sanitation designer, at 
TEMAB VVS-konsult AB, think that NCC and the 
frame producer should have had better control and 
documentation on regulations and solutions then they 
have had. He says that he don’t think that the frame 
producer understands the design process, that they 
haven’t understood that it demands coordination 
between participants and that one has to take 
responsibility for answering to sketches and questions 
without a direct request.  

The design engineer at WSP Byggprojektering AB and 
the architect says that there have been “a lot of surprises 
from tender to project” and that the largest problem is 
that “the supplier isn’t used to work in these kinds of 
projects”. The supplier doesn’t “know what questions to 
ask and what to presuppose” and they have problems to 
“understand the house as a system”. The architect also 
feels that she has to take a greater responsibility for the 

expected from the 

y. This probably is a consequence of 

coordination of the project then she 
tender documents.

Concerning contractual issues there were more different 
technical questions, e.g. the risk of crinkling of the visible 
wooden floor surface, the repainting interval of the 
glulam facades, to pay attention to than in traditional 
projects. NCC didn’t know what problems to expect, 
because of the unfamiliar system. Another issue is that the 
warranty time is five years, instead of the “normal” two, 
stated in the standard agreements used by the 
construction industr
the system being “untested” and that Mitthem wants to 
reduce the uncertainty and their risk.  

5.6 A new frame system 
NCC is, according to claimed and official statements, by 
principle material neutral. They will choose the frame 
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material that gives them the most economic solution for 
the project in focus, if nothing else is prescribed by the 
authorities or the client. As many of the Swedish 
contractors have knowledge and are most familiar with 
concrete techniques and concrete building solutions. 
Concrete is likely to be their material of choice Solid 
wood is a new material on the construction market and 
the suppliers have very few housing solutions ready to 

e need to design the 

use. This situation wasn’t communicated well enough to 
all actors in the initial phases of the project. The outcome 
of this was that the project has been more of a 
development project then the constructors and 
consultants were prepared of.  

The existing knowledge about solid wood construction, 
both at NCC's and at the suppliers, is derived from the 
“Industry consortium for massive wood construction” 
development project. A clear consequence of this lack of 
knowledge and know-how is that these houses aren’t 
technically optimised for solid wood; the construction 
designer said that he recognised concrete houses in the 
construction. One example is over-dimensioning the 
central wall because of the eastern, glass facades, figure 
32, which can not be used for the stabilisation of the 
houses. This consequently led to th
foundation for moment loading from the asymmetrical 
placed central wall. 

Figure 32: The eastern glass facade 
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At the beginning of the project the massive timber 
producer’s structural designer said that massive timber 
was a new material and that glulam was more familiar to

ness within the project to make 

ara  built before, very 
g time use, e.g. the 

him as ordinary beam and column glulam structures 
seldom are used for housing the knowledge about, and 
attention too, comfort related functional requirements 
such as acoustic issues and heating are generally not 
needed for such structures. This is also one explanation to 
why the suppliers are so unfamiliar with the organisation 
and processes associated with housing construction. 
Accordingly, without the proper knowledge and past 
experience the structural engineer entered this project as 
if it was a development project.

NCC’s project manager felt that the project had a great 
innovative value, because it involved a new, and from a 
technical point of view, untested frame system and it 
attracted a lot off attention from media and other groups. 
The project was risky, both economically and for the 
reputation of the actors, as it relied on this new, untested 
technique. It was an untested construction material and a 
new set of actors, of which some were unfamiliar with 
the construction process, market and the proper 
demands. The early-on feelings for this issue lead to 
thorough quality aware
this first “prototype” house a successful example. For this 
reason Mitthem has appointed two specialists to act as 
inspectors for the electric and heating, ventilation and 
sanitation contracts. For the same reason all suggestions 
for fire and sound measuring was considered by expertise 
before they are conducted.  

The uncertainty about the new frame systems 
performance also meant that the project required more 
details to be solved during the design process, then the 
architect, NCC and the installation designers, believed 
and planned for in their tenders, figure 25. As no houses 
comp ble with these have has been
few of the solutions are tested for lon
polyurethane strip which were meant to reduce the level 
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of flanking transmission. This of course is a large source 
of uncertainty.

 “If solid wood is to be a competitive construction material for 
this kind of projects it is important that different solutions and 
materials, as well as combinations of materials, can be compared 
in a better way then today” WSP Byggprojektering AB.  

The designer at WSP said that they felt a strong 
uncertainty about using a frame system that wasn’t 
possible to compare to other systems, in the sense of fire 
resistance, acoustic characteristics, strength etc. and 
which they weren’t used to work with.  

5.6.1 Frame design 
The frame system in house 1-3 was, after some 
recalculation rounds, considering the apartment size and 
the number of apartments, were designed as shown in 
figure 33. The thick black lines mark the load bearing 
walls, the thinner, double lines mark the inner, non-load 
bearing, walls and the squares with hinges mark the load 
bearing direction of the slabs.
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Figure 33: The frame system 

For houses 4 and 5 the solid wood frame was exchanged 
into a scantling frame. The reason given for changing 
frame system was that the actors wanted to test different 

er reference building, 
with another frame system, for future wood construction 

The direction of the floor 
slabs  

solutions in order to have anoth

Load-bearing walls 

Inner walls 
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projects. Another reason was that the solid timber system 
proved to be more expensive than a scantling system.

5.6.2 Frame system 
Martinsons solid wood production is an answer to the 
trend that construction firms are more and more 
interested in buying ready to use systems. The boards are 
important components in future system deliveries for 
housing construction. Martinsons has initiated a network 
with affiliated firms that will assemble the system. Their 
system is designed for residential housing in up to four 
storeys or as components for large, public buildings such 
as schools, offices etc. 

The different components are made out of solid wood 
boards, scantlings, solid wood slabs, trusses and glulam 
frames, figure 34 and figure 35. 

Figure 34: One of the apartment separating double walls 
used in this project 

Figure 35: The external walls with the facade in place 
and the non-load carrying kitchen wall with one 
wooden facade visible 

84



Chapter 5 – Case 
    
The slabs consist of a cross glued, multi-layer board 
which is stiffened by T-shaped glulam beams. The 
cavities are filled with insulation in the factory and a free-
bearing gypsum ceiling is assembled at the production 
site, figure 36. The elements were glued together on-site 
which worked well, but the assembly, of both walls and 
slabs needed nailing, screwing and a lot of other elements 
which resulted in difficult working positions and a long 
learning curve.

Figure 36: The slab construction 

transported, by lorry, to the production site. 

The delivery to Sundsvall were approximately 1.400 m2

slab elements, 1300 m2 facade walls and 1.000 m2 inner 
walls for each house.

The walls are also made of a cross glued, multi-layer 
board.  The walls are made in the same height as one 
storey and the external walls are delivered with pre-
assembled, pre-painted panels, figure 35. 

The wall elements are produced in Martinsons’s factory 
and then transported to Plushus AB where the glulam 
panel and insulation are assembled. Then they are 

or the wall, Figure 37: The steering strip f
Massivträhandboken (2003) 

For the assembly on the construction site a steering strip 
for the wall placement is mounted on the slab, figure 37. 
It is very important that these steering strips are in the 
right position, otherwise the wall will not be straight and 
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the whole house will in the end be warped. In the first 
house the walls and the steering strips didn’t fit together, 
which meant a lot of extra work making them fit, but 

ther type of strip in the other 

irst three houses started with a 

up to the start of, and in 
me parts even parallel with, the production phase 

which started in may 2004. 

Figure 38: Important events during the project 

The 19 of November 2003 Mitthem handed in a request 
for building permit for five houses was handed in to 
Sundsvall's building committee. The 4 of December 2003 
the request was revised to apply for three houses instead 
and the 28 of January 2004 Sundsvall's building 
committee granted a permit for three houses, figure 38. 

 issu s 

this was solved by using ano
houses.

5.6.3  Time plan 
The tenderer’s architectural proposals were presented 
officially in June 2003 and in October 2003 NCC got 
the contract for three houses with an option on two 
more. In figure 38 the most important dates during the 
project are shown.  

The design of the f
meeting in December 2003, where the over-all set-up of 
the design phase was discussed and agreed upon.  The 
design work has been going on 
so

2003 2004 2005
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When the preliminary time plan was introduced to the 
design team, the installation consultants commented on 
the design phase being long, and the production phase 
being very short, in relation to other projects. The reason 
given for this was that the high degree of prefabrication 
and the fact that no six storey houses with solid wood 
frame has been built in Sweden before, demanded a 
thorough and detailed design. As the consultants work 
aught to be done when the production phase starts but 
still they reacted about it. The central issue for the 
consultants was to design the solutions for house 1 as 
house 2 and 3 are mainly using the same design. 

was by March 2004 

 depend on their 

ce at the latest in March. 

NCC tried, in the tendering phase, to make sure that the 
total time plan for the project would be held and that 
problems would be solved as soon as possible by setting a 
high penalty for delay. Obviously this didn’t do the trick 
for the design phase. In this study there hasn’t been 
possible to investigate what penalties were claimed in the 
end of the project as the study ends before the project is 

The production of the houses took longer then expected 

The design work, in spite of the initial comments on the 
design phase being long, 
approximately 1-2 weeks behind schedule. According to 
some actors in the design team, the installation designers 
blamed Martinsons for this delay and said that they 
(Martinsons) “didn’t understand that others
work to finish the design”. No obvious problems with 
having all documents ready in good time before the start 
of the production phase were, though, recognised. By 
mid April the design had taken about two months longer 
then the management of NCC expected. As the 
production start was scheduled to mid May the 
management had expected to have construction 
documents for remittan

finished.

especially in the beginning. The lost time was worked in 
and by May 2005 the delay was approximately one week 
but it did not affect the moving in dates for the tenants. 
The reason given for the misjudgement of time needed 
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for the production was that no previous projects of this 
scale have been built with the same material and 
methods. The problems with the mounting of walls and 
slabs to each other and to the foundation have also been 
time consuming. 

g December 11th 2003, Mitthem 
 tow additional. These houses are 

icipality. A building permit request 

CC got good prerequisites; 
they could act early on the market and thereby get good 
prices and good quality. In an ordinary contract (general 
contract) about 80 % of the costs are locked when a 
contractor gets the job, then it is hard to make 
improvements or changes.

NCC’s purchaser says that it, generally, is more difficult 
to solve technical issues when the client is external then 
when it is an internal client within NCC's organisation. 
The reason for this is that external clients have 
“traditional relations” to different contractors/installation 

ity to adjustment of the 
design on the production site. The planning must be 

By the board meetin
decided too build the
different from house 1 to 3, which was a condition, from 
Mitthem. They will contain fewer but larger apartments 
and the production phase will start depending on the 
dock works conducted by another contractor and 
ordered by the mun
was handed in to the city’s building committee 3ed June 
2004, figure 38. 

5.7 Design phase 
Given very open requests for proposal, as in the case with 
Sundsvall’s inner harbour, N

designers and they are used to the ways these firms work. 
This, sometimes, makes it hard to get external clients to
accept new solutions and ideas. 

According to White’s engineer, “the largest difference 
between this and other projects is that the frame is more 
prefabricated then the architect is used to”.  

A high degree of prefabrication demands that most of the 
design work needs to be done early on as the 
prefabrication limits the opportun

“Open” surface 
elements are 
prefabricated scantling 
walls or slabs with 
boards on one side and 
without insulation. The 
technique is in principal 
the same as for on-site 
production.

“Closed” surface 
elements are 
prefabricated wall or 
slab elements with 
boards, insulation and 
sealing coat. The 
method is not common 
in multi-storey buildings 
because of the risk of 
leakage of water into 
the elements during the 
production of the 
building. Anchoring and 
stabilisation is more 
difficult then for “open” 
elements and the 
installation work is 
different.
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sequential, e.g. ready before the production starts, in 
contrast to the interactive planning that is standard 
procedure in a traditional on-site production. 
Coordination of e.g. installations and prefabricated 
elements are very important. In this case the long design 
time haven’t been fully used to conduct the planning 
needed, e.g. the need for planning of the production 
within the design phase wasn’t fully realised by NCC and 
therefore it wasn’t passed on to the design team. The 
need of a person who takes the responsibility for the 
coordination of the whole process is just as obvious as the 
lack of him/her.

According to White’s engineer the difference when 
going from traditional construction to a higher degree of 
prefabrication is that there “are more and different parties 
involved and that it is harder to draw lines between the 
responsibilities of the parties. It is also harder to get everyone to 
work in the same direction, which demands more of the project 
manager”. As prefabrication limits the possibilities for 
adjustments on site the architects’ work with production 
and assembly related issues gets more significant in this 
kind of projects. White Architects AB’s lack of 
knowledge of the production, both site and factory 
production is seen in the exterior design of the houses 
with false window shutters. The initial design of the 
shutters would have given problems with m

On-site production is
often a far driven 
confectioning- exactly 
cutting, packaging and 
delivery. Wall sections 
may be put together on 
the slab and assembled 
into place by hand. 
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oisture

used for these solutions are “the same as for other 

leakage into the wall, and the high demand of exactness 
in production measures for the edgings on the facades to 
work.

Timber construction today, evident in this project, lacks 
standard solutions, for installation design. Hence, it 
demands extra thoughts about fire and acoustics 
solutions, but, according to the installation designers, the 
principles

Volume elements are
produced and 
assembled into 
modules with roof, 
external walls and 
floors in a factory. They 
are delivered to the 
production site almost 
ready for use. Only 
small interior 
supplementations and 
connections to heating, 
ventilation, sanitation 
and electricity are 
needed in order to 
complete the 
construction.

frame materials”.

5.8 Production phase 
This project is considered, by NCC, to be an element 
assembly rather then a “true” prefabricated project 
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although many of the installation parts are going to be 
attached in the factory. In this case NCC means elements 
that are ready to put together with complete inner walls, 
ceilings and installations. The term “true” prefabrication 
implies volume element construction.   

ent well but the logistics on the 
construction site, e.g. the unloading and storage, see 

 the elements not being 

The structural designer at Martinsons claimed that the 
ventilation installations would cause problems with the 
transportation (the parts will be more fragile with the 
installations in place) so they wanted to make the 
installations on site instead of in the factory. NCC, on 
the other hand, felt that the short production phase 
wouldn’t allow such work on site and decided that the 
installations would be made in factory. The 
transportation w

figure 39, was a problem due to
suitable to place on top of each other, because of the 
installations getting deformed by the load. This actually 
happened in the first transportation. 

Figure 39: Un-loading of wall elements at the 
construction site 

This is one indication that information was lost between 
the design and the production phases. If the 
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communication had worked properly the people 
unloading the elements would have known that they 
weren’t suited to store on top of each other and, thus, 
stored them standing from the beginning. 

The installations have also been a problem during the 
actual assembly as the space for installations was very 
small and there were a lot of installations that needed to 
fit in to this space e.g. ventilation, sanitation, electrics and 
sprinklers. One request from NCC was that all the 
ceilings and slabs should be prefabricated to assemble on-
site for future projects. 

Another problem during the assembly was that the wall 
elements were delivered in short pieces that should be 
put together. This resulted in unsteady walls that were 
difficult to get in to straight position.  The difficult 
assembly of the double, apartment separating walls also 
took a very long time and should be possible to make 
more effective. 

Before the production started, the site manager, thought 
that the crucial issue would be to manage the weather 
protection, the technical issues was supposed to be 
solved, which proved not to be the case. Exposed wood 
in the slabs puts special demands, to avoid mould and 
decay problems in the future, on the weather protection 
during the production phase. The exposed wooden 
surfaces that are a visible part of the flats also puts 
demands on how to handle tools and machines to avoid 
marks on the finished surface. This went quite well, the 

ther production system, see figure 40. 
The system has a “tent” structure that is adjustable in 

f the floor worked 

actual problem with the visual wooden surfaces was 
rather the, unplanned, openings between the boards, 
especially in the wall in the dining area, then marks from 
the handling during production. 

The weather protection issue was solved with a 
transportable wea

height and covers the total surface o
upon. This is a new solution that hasn’t been tested 
before and the producer of the “tent” is very keen to 
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make it work in the best way. Another positive effect of 
using the “tent” was that the construction workers was 
very happy about the climate it created, they, as well as 
their tools, were protected from snow, rain and in some 
sense wind.

Other problems that appeared during the production 
were mainly concentrated around measures and 
tolerances of measures. Martinsons’s sub-contractor 
(Plushus AB), who assembled the external wall elements 
didn’t recognise the importance of measure deviation 
tolerance in the beginning of the project, but since they 
were addressed with the issue the quality of the deliveries 
has improved.

92

Light-weight 
technique (Scantling) 
For residential housing, 
the light-weight 
systems are 
dominating, in some 
cases in combination 
with solid timber for e.g. 
slabs. The frame is 
made out of load 
carrying scantling walls, 
light wooden slabs and 
a roof construction of 
wooden trusses or 
glulam.

Beam-column 
technique 
Beam-column frames of 
wood are mainly used for 
other constructions then 
residential, where frame 
systems with load 
carrying walls usually are 
more competitive. In 
buildings that need larger 
free spaces and thereby 
larger free spans, beam-
column frames of wood 
are competitive, e.g. 
commercial buildings, 
school facilities.  

Figure 40: The “new” type of weather protection 
“tent” for solid wood construction  

There are many reasons why the measure deviation 
tolerance is smaller in this project than in traditional 
concrete projects. One problem had to do with the 
façade design in the way that the joints of the facade 
elements are covered by very narrow wooden trims and 
when the elements don’t fit perfectly together the trim 
can’t cover the play. This will affect the visual appearance 
however, other more vital problems occur as the wind 

ourse is bad 
 consumption and the draught and the 

reason given for this was that Martinsons wants to test 

may blow through the plays, which of c
regarding energy
expected problems with bad customer experience. For 
houses 4 and 5 another sub-contractor is engaged, the 
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different sub-contractors. The sub-contractor in question 
has been assembling external walls for Martinsons in 
previous projects with similar solutions as for houses 4 
and 5 so one guess would be that they are playing this 

sed in construction. 

anels, figure 41. The panels are painted 

one safe, avoiding the problems that occurred in houses 
1-3.

5.9 Building technique issues 
The frame system for these houses is a solid wood frame. 
The solid wood technique is one of the three dominating 
wooden frame systems u

The design of the house foundation is concrete slabs 
supported by concrete piles. The frame system consists of 
load bearing, solid wood, walls and slabs which are 
prefabricated. The elevator shaft is a free bearing (not 
attached to the timber frame) steel frame.

The facades are made of glulam panels and tongue and 
groove, spruce p

Solid wood technique 
Buildings made out of 
solid wood have been 
present in the North for 
centuries. In more 
modern systems of solid 
wood the solid wood 
frames advantages 
such as heat storage 
and high load bearing 
capacity with low weight 
and a large amount of 
ada

in two different colours, to make it look like the houses 
have timber corners, edgings and window shutters.   

ptability.

Figure 41: Gable façade house 1, www.martinsonstra.se
19/4-05 

The roofs, which are made of traditional roof trusses, 
designed and produced by NCC, and covered with 
folded sheet metal, are steep, 37 °. This gives the houses 
a very characteristic appearance. The roofs are fabricated 
on site and lifted into place in four parts.
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5.9.1 Energy economy, heat retention, hygiene, 

environment
The demands regarding energy economy, heat retention, 
hygiene, health and the environment are the same for all 
types of house

health and the 

s, no matter the frame material.  

The installation coordinator said that he thought that the 
hardest part of this project would be to manage the 
acoustic demands, as their accomplishment was 
dependent on the performance of the installation systems. 
This proved to be true for the installation work which 
became quite like in other projects, concrete projects, 
except for the assembly and the acoustic issues.

To hide the electric installations edgings and tracking in 
the walls were used. This meant that the need of tracking 
had to be communicated to Martinsons so that they 
could be done in factory, by machine. Otherwise the 
tracking would have had to be done on-site, this would 

ete frame 

At the tendering phase this was a very open project, as a 
design-build project is supposed to be, but Mitthem 
changed the prerequisites and minimized the options 
during time. One example is the installation control 
systems. This has given NCC higher costs then calculated 
for in the tender and a need for re-designing the 
installation system for the buildings. 

Flanking transmission 
occurs when sound is 
transmitted from one 
space to another 
indirectly, through 
adjoining parts of the 
structure. For example, 
impact sound may be 
transmitted from one 
room to another 
through a timber floor, 
but also through the 
supporting wall.  
Other common 
mechanisms for 
flanking transmission 
include internal leaves 

ty walls 
parating 

ties 

of external cavi
which adjoin se
walls; suspended 
ceilings and partition 
walls; and also pipe 
work and ducting.  
Successful noise 
control solutions must 
address the possibili
of flanking 
transmission.

have slowed down the production. If a concr
had been used, all of the installations could have been 
hidden between the scantlings and covered by gypsum 
boards. This would probably have been a more rational 
way of solving the problem, as it would have enabled the 
traditional interactive, on-site planning that the actors are 
used to. The great advantage with solid wood is that if 
the installations have to go through a wall or slab 
somewhere it is a lot cheaper to drill through a wooden 
element then through concrete.

To avoid moisture in the elements it was important to 
make sure that they arrive at the construction site just in 
time to be placed at their final location within the 
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building. It was also important to cover the construction 
site to protect it from snow and rain.

“In this project there is a large amount of uncertainty as many 
solutions are more directly and crucially connected to each other 
than in more traditional projects” according to the 
installation coordinator.

ance of One especially crucial example is the compli
acoustics demands and installation solutions, figure 42, as 
well as the compliance of fire demands and installation 
solutions. 

Figure 42: Cassette type slabs with installations where 
acoustic issues must be carefully considered 

5.9.2 Acoustics 
Acoustics is always an issue when building with timber 

d in 
 on acoustic performance was set 

c demands that 
exceeded the functional demands in the Building 

frames, due to the low density of the material, an
these houses the demand
higher then in an average housing project. Sound can be 
distributed either directly through the building elements 
or through non-elastic contact between two or more 
elements.

In this project, Mitthem expressed acousti
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Regulations, which made the acoustic issues come into 
focus more then they would have been in a “normal” 

stics as the 

y is 

re of 
re is 

uch

vibrate and 
 waves 

n both sides of the 
surface impacted.

timber construction project. The reason to exceed the 
demands was mainly to attract customers. This demand 
also initiated product development and increased the 
knowledge about timber construction and acou
solutions had to be developed during the project.

There were some reservations, for the high demands on 
good acoustics, by Martinsons and the acoustics 
consultant. They believed that the level asked for would 
be achievable if special considerations were taken to 
avoid short circuits, from installations and assembly, with 
respect to acoustics.

Sound is transmitted
between different parts
of buildings and 
between adjacent 
buildings in two ways:  
Airborne sound when
sound generated within 
a room reaches the 
bounding surfaces 
some of the energ
reflected back into the 
room and some 
generates vibrations 
within the structu
the building. If the
sufficient energy those
vibrations will produce 
sound on the other side 
of the structural 
element.
Impact sound direct 
impacts upon the 
building structure, s
as footsteps, 
hammering, or door 
slamming, cause the 
structure to 
produce sound
o

But Martinsons, which has had acoustic consultants 
working with solutions for noise protection issues since 
the beginning of their participation in the Industry 
Group Solid Wood Construction’s development project, 
claimed to be prepared for this and that they would 
manage to comply to the high demands and they proved, 
at least to a very high extent, to do so as the acoustic 
level required was reached in most parts of the building 
and even exceeded in some. 

During the design the acoustics consultant described the 
expected, which in fact also became the experienced, 
acoustic problem areas as:

Vibrations in the floors

Vertical small holes through the slabs for 
various technical installations, which won’t be 
a problem if they are carefully executed

Incorrect assembly, which might result in 10 
dB worse results  

Getting the information about how to avoid 
acoustic short circuits  through to the 
assemblers

Installations were a problem from an acoustic point of 
view as they affected the detailed design of the direction 
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and shape of the slabs and walls. One detailing example 
mentioned is the placement of the slab beams in a 

utions to 
problems as they appeared, preferably during the design 
phase to minimise cost and time effects during the 
production phase.

“The installation designers seem to have had problems with 
understanding that this was a first and unique project and that 
they can’t use standard, used in concrete building construction, 
solutions to problems that appear.” Martinsons Trä 

Some special solutions that needed to be developed were 
that:

Ventilation must be carried by the roof and 
the sewers and water pipes by the slab to 
separate the apartment’s acoustics.

Vertical heat pipes demands well done seals, 

s done by 
consultant, sound reducing 
 installed in the ground floor 

 lift shaft must be separated from the 

direction that enables as few installations as possible 
having to cross the beams and still manage to separate the 
installations so that they are in contact with “their” 
apartment and not the one below. During the design 
phase the installation shafts were designed to avoid 
acoustic problems. 

The supplier was very clear about that no standard 
solutions existed, that this was a development project. 
That everyone had to take a part in finding sol

Fire resistance 
classes
Buildings are divided 
into three classes: Br 1, 
Br 2 and Br 3. All 
buildings with three or 
more storeys are 
placed in the most rigid 
class Br 1. There are 
four characteristics that 
decide which fire 
resistance class a 
building will be placed 
in is: 
 The number of 
storeys 
 The nature of the 
activity that is going to 
take place in the 
building
 The building area 
 The fire load  

The demands on 
materials and 
constructions vary 
between the different 
classes.

the fewer holes through the slabs the better. 

In accordance with the calculation
the acoustics 
windows will be
of the houses and in all windows directed 
towards the street.

The fans will be working continuously and 
with revelations over the frequencies that are 
critical according to the acoustics.  

The
frame of the house to meet the acoustic 
demands. This was solved by a steel frame, 
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which was separated from the solid wood 
frame, for the elevator. 

The solution to the problem flank transmission, through 
the roof and wall, between the apartments was to insulate 
the slabs and walls thoroughly and to prevent direct, 
non-elastic, contact between the construction elements. 
This was obtained through placing an elastic 

aries, from acoustic class A to C, 

the wood burns and creates 

chanical properties, by the 
fire. In the initial stag
surf  ty and spread of the fire, 
hen ,  a 
wooden frame to protect it from the spread of a 
conceiv

The r of
the project start meeting was that the fire protection 
documentation was going to be strictly followed; the 
pro t ly
made d ts
were m ample five stories of wooden facade 

polyurethane slip between the elements, see figure 37, 
having free bearing ceilings, making the walls that 
separate the apartments double and through careful 
design and placing of the installations. 

Measuring from house one shows that the acoustic 
insulation obtained v
within the houses but that the over all impression is that 
acoustic class B is obtained. 

5.9.3 Safety in case of fire 
Fire is often a cause of worry for the end customers in 
timber projects. Solid wood frames can, however, be 
made just as fire resistant as other frame systems as wood 
burns slow, stable and predictable. During a fully 
developed fire the surface of 
a coal layer that protects the inner parts of the wooden 
element, which remains untouched and unaffected, 
concerned technical and me

es of a fire, though, a wooden 
ace contributes to the intensi
ce it is very important to design a building with

able fire.

 p eliminary decision, in this project, at the time 

jec  manager says that it was the most thorough
ocumentation he had seen. Several technical shif
ade, for ex

and exposed wooden floors for sprinkler.
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The further the design went the more critique on the fire 
protection documentation being too ambitious was 
uncovered, especially by the project manager that begun 
to say that the fire protection documentation was “a
living document which in applicable parts should be considered 
during all of the actors design work”. The main problem was 
that the document became more of a handbook with 
suggestions to solutions for future projects, than it was a 

od.  In this project housing sprinklers 

of fire protection in Sundsvall 
and e of
wood structures have different opinions. The main 
discussion has been concentrated around the protection 
for r e.
The de
the bui ities
clai t as
well. A n 
possible on
became to protect the balconies with a fire proofing 
enamel

5.9.4 stability 
A geotechnical investigation of the area has been 
conducted by SGI, the Swedish geotechnical institute.

The r g.
According to the investigation, “ground loads from 
housing or fillings might result in subsiding in the fine-

description of what really was done in this project.

One big technical issue has been to what extent special 
fire protection is necessary because of the amount of 
wood in the structures. A building in fire resistance class 
Br 1, figure 9, must have sprinklers if the facades are to 
be made out of wo
was installed to prevent the fire from spreading through 
the windows and along the facades as well as to delay the 
time to overheating of the escape routes. Fire stops are 
made out of wood, gypsum, folded metal sheets and 
plywood in separating constructions, e.g. walls, roofs and
slabs.

It seems as if the authority 
 th  technical expert of fire protection (Trätek) 

sp ead of fire from the balconies along the façad
 technical expert says that the sprinkler system insi

lding is going to be enough while the author
m hat there has to be sprinklers at the balconies 

s this would have been very expensive if eve
 without double sprinkler systems the soluti

 paint instead.

Foundation, load bearing capacity and 

 g ound stability was, apart from the docks, satisfyin
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100

grained er
ground loads should be designed for foundation on 

 problems with the 

ing needed. One reason for 
this load distribution was the already mentioned eastern 

s that it was impossible 

ss facade, the central wall was designed 

t they can 
carry the load they are affected by.

 sediments and therefore buildings and oth

piles”, which was done in this case, “unless detailed 
investigations cause a different appraisal”.  

The investigation comprised testing and analysis of soil 
and groundwater. An investigation of the historic 
harbour activities was conducted to facilitate 
identification of the source of possible ground pollution. 

When the first preliminary frame construction was 
presented in the beginning of January 2004 WSP 
Byggprojektering AB recognised some
design of the foundation. The way the forces from the 
frame affected the foundation, according to them, made 
the foundation unreasonable expensive due to the 
amount of concrete and pil

facade with so many large window
to take load in that wall, instead the forces had to be 
taken by the, asymmetrically placed, central wall. This 
lead to high moment loads affecting the foundation. So 
the supplier’s designer had to go back and choose another 
frame system and recalculate the construction. The final 
foundation solution for house 1-3 became a foundation 
slab on piles.

High buildings are exposed to large loads, mostly from 
wind that causes horizontal and lifting actions. To take 
care of this problem the construction elements are 
designed to work as boards designed to carry the 
necessary diaphragm action (in-plane stiffness). Because 
of the eastern, gla
to carry large horizontal loads, that normally would have 
been taken up by the external walls. This has had a salient 
impact on both the foundation design and the floor plan 
of the houses. One problem has been that Martinsons 
produces wall and slab elements that are no more then 
2,42 meters in width which in a house 24 meters long 
and 12 meters wide, means very many joints. All of these 
joints must be designed and mounted so tha
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5.10 Actors description 
Table 12: The economy of the main actors in summary 

NCC Con-
struction AB 
(2003)

White 
Arkitekter 
AB (2003) 

Mitthem AB 
(2003)

Martinsons 
Trä AB 
(2002)

No
employees 

~ 8 100 ~ 300 ~ 35 ~ 240

Turnover 
(tSKr)

~17 000 000  ~ 220 000 ~ 270 000 ~ 480 000 

Result 
(tSKr)

~ 1000 ~ - 6 000 ~25 000 ~13 000 

5.10.1 NCC Construction AB  
NCC construction AB is a unit within NCC AB that is 
one of the leading construction and property-developing 
companies in the Nordic region. NCC AB had annual 
sales of 45 billion SKr in 2003, with around 24,000 
employees.

They say that they take an active role throughout the 
construction value chain, developing residential and 
commercial property projects and building offices, 
housing, civil engineering structures and other types of 

profitability”.

g

infrastructure etc. They also offer materials used in 
construction, e.g. aggregates, asphalt, and conducts 
paving, operation and maintenance operations in the 
roads sector. Their geographical focus is on the Nordic 
region and Sweden is the largest single market.   

NCC’s strategy has since 2001 been to “concentrate on 
core operations, focus on the Nordic market, prioritize 
profitability above volume and change work methods in 
the industry”. Their overall objective has been to 
“develop industrialized methods that facilitate industrial, 
sustainable and efficient construction, with the aim of 
increasing the Group's 

One of their, just like every other construction 
company’s, main objectives is to reduce construction 
costs which they try to do through, as they say, 
“changing the construction industry” through increasin
the rate of industrialization. This can be achieved 
through more use of prefabricated and ready-to-assemble 
units.
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They have tried to reduce the operational risks through 
improved supervision and control of projects and a more 
selective tendering policy.  

NCC’s building and housing operations are organized 

ership interests ensures that aspects of 

within separate units for the Nordic countries, except for 
Island, and Germany. In 2003 they held a strong position 
in virtually all market segments in Sweden, in terms of 
sales, residential construction was the largest segment,
accounting for 26 percent. Private customers, including 
the customers who order the construction of tenant-
owned apartments, accounted for 47 percent of the sales. 

5.10.2 White Arkitekter AB 
White has a shared ownership which means a shared 
commitment. The most promising architects have been 
offered the opportunity to become part-owners and 
partners. In the early 1980’s, the ownership was extended 
to a clear employee ownership, giving all employees the 
opportunity to acquire shares after a certain period of 
time. This broadening of ownership continued following 
the merger with Coordinator in 1990. This has proved to 
be an extremely positive experience. 

The absence of any external and extraneous, non-
business, own
professional ethics remain intact and uninfluenced. 

After four years of expansive business for architect 
companies, developments took a downward turn in 
2002. This downward trend continued throughout 2003. 
However, things started to improve slightly towards the 
end of the year and it would seem that White has passed 
the lowest point in this economic recession. They have 
emerged from this period of decline relatively unscathed. 
They have consolidated their position as the largest 
architecture company in Sweden and the Nordic 
countries. The income from fees for the Group decreased 
by 7%, the average number of employees was 318. 
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5.10.3 Mitthem AB 
The company is a subsidiary company to Sundsvall’s
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5.10.4 Martinsons Trä AB 
The firms sawmill is one of northern Sweden’s largest 
sawmills and one of Europe’s biggest and most modern 
glulam prod
producer of glulam with top modern production lines 
and 70 % goes for export. It has a long history and a 
stabile economy which provides good conditions for 
cooperation. The firm has an extensive development 
program, which mainly is seen in active participation in 
different Nordic and Swedish development programs. 
The vision of this company is to refine wood to 
meaningful, beautiful, strong and recyclable products.  

For Martinsons the production of houses in Su
inner harbour is a breakthrough for a new technique and 
a new way of thinking concerning construction with 
massive wood elements/systems. Producers of massive 
wood for the construction industry exist in Germany, 
Austria and Switzerland, but, so far, massive wood 
haven’t had a great impact on the Scandinavian market.  
The interest in solid wood construction started 1995 and 

knowledge of gluing and of glulam construction that 
existed in the company.  Trough an active participation 
in several research and development projects they have 
built a genuine knowledge about the material. To secure 
the delivery of products of high quality, Martinsons have 
invested 15 million SKr in a new manufacturing line for 
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production of massive wood systems. This far, this is the 
first and only in Sweden. The factory has one production 
line for floors and trusses and one for solid cross glued 
spruce boards. The boards can be manufactured in 1,20 
meter widths and up to 12 meters length. The company 
has already six employees working in the new factory and 
the needed employees are believed to increase. 
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6 Analysis 
The timber houses at Sundsvalls inner harbour are, like mo
of unique one-of-a-kind products. It is not the material, so
or even the technique (prefabricated elements) that makes t
the combination of these factors in a project on th

st large structures, a set 
lid wood, or the actors 
hese houses unique, but 

e Swedish, multi-storey housing 
market. The reason that makes me say that they are on-of-a-kind is the degree of 

rocess of building them. This was a development 
ill have changed to the 
 a pilot project. As such 
 that have helped me 

hapter. I am aware that 
h other and it haven’t 
t this systems approach 

 opportunity to develop 
 it, than it would have 
 theoretical frame. 

ant while the company 
d Clare-Brown, 2001), 
s requires a redesign of 
ction is suggested to be 
 methods. 

ncy and quality in the 
ure 43, e.g., increased 
rough focus on value 

to the questions about 
viewed, how this view 
xity of the project and 

development involved in the p
project and the point of development is that something w
next project. This is also what makes the Sundsvall project
it have served as a great source of empirical information
answer the questions asked in the introduction of this thesis.

This analysis will follow the structure set out in the theory c
many of the theoretical components discussed overlap eac
been possible for me to totally separate them. I believe tha
to the analysis has strengthened the thesis as it gives me an
a description that is closer to reality, as I have experienced
been if I had tried to fit every observation into the presented

6.1 Lean Construction 
In the construction sector the project culture is predomin
culture is stronger in the manufacturing industry (Riley an
this indicates that knowledge transfer between the industrie
philosophies and methods (Bergström, 2004). Lean constru
one such redesigned philosophy that offers situation adapted

The lean construction theory focuses on improving efficie
construction process through improved processes, see fig
customer and flow orientation, waste minimisation (th
adding), product quality and reduced costs.

In this thesis its theoretical contribution is to give input in
how the construction process in the case study can be 
makes it possible to describe and understand the comple
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how the case could have been managed if lean constructio
been adopted. 

n principles would have 

Figure 43: Lean construction terms used for analysis 

In figure 43, as in the following “terms of analysis” figures, the idea is that the first 
“bubble” (Process planning…) sets the theoretical area for the following “bubble” 
(Lean construction) which is the theory used and the remaining “bubbles” are the 
actual tools, or terms, within the theory that are used for the analysis of the 
empirical findings. 

6.1.1 Transformation, flow and value generation view 
The main task for the design/build contractor in the project at the inner harbour 
of Sundsvall, as well as for the sub-contractors, was getting the houses realised, i.e., 
taking care of what has to be done. Simply put, transform material and 
requirements into houses through the performance of the tasks set out in table 2, 
within the budget. This is the traditional way of conducting housing projects in 
the construction industry. From a lean construction point of view the project was, 
hence, a typical, transformation focused, construction project, (Koskela, 2000).

This is also the way the design phase was set off, as in an ordinary, design/build 
project. The contractor recognised that the frame material was new and therefore 
he purchased a frame system instead of a timber component delivery. The 
contractor acts at a local level as their organisation is made out of a number of local 
offices. There was no previous experience of timber frame housing at the office 
conducting this project, but there were some persons in the organisation that had 
participated in the Industry consortium for massive wood construction, these 
persons shared their experiences with the persons that should work with this 
project.
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The consequence of the low experience was that the actors in the project, and 
especially the contractor, felt very uncertain about the solid timber technique, the 
frame producer and the frame producers competence and actions in the project. 
These concerns proved to be justified in some aspects and very much exaggerated 
in others. The frame producer have, in every way, tried to solve the problems that 

oject but the products and the technique was not as 
had imagined, hence, the project became very much 

ow view, 

osts and time. Low cost for the contractor 
project was preformed to a fix prise and the 

 value. The 

 is the standard way in which projects 

some discussions about the extra time needed to solve technical problems, that 

have come up during the pr
developed as the contractors 
of a development project early in the process.  

The lean production theory states that every actor have to have access to the 
information and knowledge needed to perform the task in the best way possible 
(Womack et al., 1990). Therefore, the contractor should, when they realised the 
need for development, have taken on the role of the head manager more clearly 
and managed the project in a more structured (more active in the coordination of 
information etc.) way and thereby minimised the problems (c.f. table 2 waste etc.) 
that arose from the lack, or misunderstanding, of information. They should have 
acted more like an integrator and interpreter of information to make the right and 
up to date information available to all actors. This point to applying a fl
see table 2 (Koskela, 2000), rather then a transformation view.  

With this I intend to say that a project focusing on a combination of a flow and a 
transformation view (taking care of what has to be done while ensuring that what 
is unnecessary is done as little as possible) would probably have been a means to, at 
least in some ways, create even more value (customer requirements met in the best 
possible manner) for the customer then today. This would probably create 
prerequisites for lowering the project c
would have meant higher profit as the 
possibilities for getting paid on “bills of extras” was very small. 

6.1.2 Contract, process and value management 
To perform this project I think that it was very important to manage the three 
areas suggested by Bertelsen and Koskela (2002): contract, process and
contract management, see table 3, is the management method most frequently 
discussed in the construction industry and it concerns the contractual agreements 
between the actors. The contract management was handled in an efficient way by 
the contractor, which was no surprise as this
are handled. The contractual problems that, never-the-less, came up probably arose 
from the fact that neither the contractors nor the sub-contractors or consultants 
understood how much of a development project this was, hence, they hadn’t 
designed the contracts for the extra work required. Therefore, there have been 
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most parties assumed already solved by the frame producer, and if the actors should 
get paid extra for the extra time.

The management of processes such as production flow and creating cooperation 
between actors was also handled well. The production flow has encountered quite 
a lot of problems but the time plan has been managed with just minor delays. 
During the production of the first house there were a lot of problems that probably 
originated from the “newness” of the material and the lack of knowledge about it 
and might have been expected. However, some of the problems stayed on during 
the rest of the project even when the frame system was changed for house 4 and 5. 
Examples are the solid timber elements having the wrong dimensions (therefore 
requiring extra cutting work on site) resulting in assembly delay and the 
installations assembled in the solid timber elements (in the factory) not being in 
their intended position leading to a lot of extra work on site. Other problems that 

layed in table 3, are that the 

 project is purchased) and through the participation of the 
client’s representatives in meetings.  This is a very traditional way of handling value 

e for the client, is to bee obtained.  

arose, related to the management of flow, disp
assembly drawings were hard to understand for the assembly personnel, see 
Björnfot and Stehn (2005) for further information and analysis.  

The management of generating value have mostly been handled through contracts 
(as this is a design/build contract and the clients requirements should be pre-
specified when the

management, which should ensure that the construction process generates the
value wanted by the client (customer satisfaction). If managed according to Lean 
construction principles (Bertelsen and Koskela, 2002) this could have been done 
(or supported) by QFD, questionnaires and evaluations with clients and 
stakeholders. However, in this project the client’s representative was allowed to 
put extra and new demands on the construction after the contract was signed. In a 
design/build contract this is very strange as this means that a different house then 
agreed upon is being built.  Although the client in this way has the opportunity to 
influence the result very far up in the process, I am not sure if it really contributes 
to the fulfilment of the client’s requests or if it just contributes to the complexity 
(through foreseen uncertainty) of the project. What is even more important in this 
discussion is if this type of value management contributes to the end-customers 
satisfaction with the final “product”. As the fixed prise and the design/build 
contract, doesn’t give the contractor very much economic “space” for customer 
orientation, it requires a client that very early in the project can concretizes and 
specify what is required of the project to satisfy him. Therefore, I don’t think that 
it is the best contractual form if customer satisfaction, in the way of creating the 
best valu
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The lack of incitement for, and interest (by practitioners) in, changing the 
management methods in construction projects probably is an effect of the 
cemented traditions in the construction industry. I think that managing projects as 
usual are a means for the actors, in this case mainly the contractor, to reduce the 
complexity and uncertainty in construction projects. This makes the choice of 
management method more of a tool for handling the changing and unpredictable 
effects of the environment in which construction takes place then a means to 
increase profit by customer satisfaction and a smother production flow. In the same 

 interdependence, 

e project affect the 
 be reduced or at least 

time, I believe that another approach, like the one suggested by Koskela (2000) 
and Bertelsen and Koskela (2002), taking both transformation, flow and value 
generation into consideration, would reduce the complexity even more as a 
broader view of the construction process, and the project, would give the project 
manager a better control over, and insight in, the different project activities. 

6.2 Cooperation 
The feature that links different definitions of cooperation together is that they tend 
to be characterised by a certain relational behaviour that distinguishes them from 
traditional business relationships. These characteristics include
trust, communication, information sharing and shared values.

The marketing literature on buyer-seller relationships reveals that successful 
partnerships tend to exhibit high levels of joint planning, formalised marketing 
programs, co-operation, communication, trust and long-term commitment, and to 
shift the buyer’s attention towards managing the desired output rather than 
focusing on the operations of the suppliers. 

I have used the cooperation literature and theories, figure 44, as a basis for the 
discussion on how the relations between the actors in the cas
complexity of the project and how this complexity might
taken care of in a different way then today. 

Figure 44: Terms defining cooperation used for analysis 
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6.2.1 Partnering/marketing continuum 
The relations in this project are in all important means characterised by contractual 

because the contractor had worked with them before. The idea was 

agreements. The contracts were given to the companies, sub-contractors and 
consultants, which offered the lowest prise as the tendering documents was 
submitted to companies known to be able to handle projects of this size. The 
exceptions from this are the relations between:

The client and the contractor: where the main relational factor still is the 
contract, but it was given with the aesthetical factors of the suggested 
design as the crucial feature. This relation have to be characterised as 
a transaction, see figure 16, in a competitive environment, as it is a 
independent project, or at least the intension from the client was to 
perform this project as one of many others. The contractor on the 
other hand is in the position of wanting to create prerequisites for 
getting more projects for the same client, as the client is the only 
company capable of conducting large multi-family projects in the 
region. This meant that the contractor was willing to let the client 
decide on things that, by the design/build contractual agreements, 
should have been the contractors’ choice. This contributed to the 
foreseen uncertainty for the contractor but it also affected the sub-
contractors, the designers and the architect as the customer demands 
changed during the project. For these actors the uncertainty was 
rather unforeseen then foreseen as they didn’t have the choice to 
decide on what changes the client should be allowed to make during 
the project. It can be argued that the sub-contractors could have 
refused to make the changes as their contract also was for total 
responsibility and, hence, with fixed requirements, but this is solely a 
theoretical argument as the costs, direct (i.e., they had invested in 
getting the contract and they had engaged the designers) and indirect 
(they would probably not have been the first choice for a new 
contract with the main contractor or the client in another project), 
for leaving the contract would have been high. If the relation 
between the client and the contractor, from the start, had been set 
out as a more cooperative relation, with a higher degree of shared 
information and value, it might have helped both parties, as well as 
the other actors in the project, to make the flow (in design and in 
production) more smooth and, hence, more profitable.

The contractor and the architect: the architect was offered the contract 
both because of their pronounced interest in wood projects and 
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that they, because of their interest in wood as a construction material, 
should have a greater knowledge about the building technique and 
about how to design a house that takes advantage of the 
characteristics of solid timber. This relation is characterised as a 
repeated transaction, see figure 16. It might have passed on to a long-
term relationship, figure 16, for future projects, with the contractor 
if, the contractor became satisfied with their work. This would have 
meant that they had strengthened their position on the timber 
housing market in relation to other architects. It might also have 
become a long-term relationship, see figure 16, with the timber 
frame producer if the design had been in line with the characteristics 
of the frame. As they are the first architect to get this kind of project 
realised in Sweden they would, because of their unique knowledge of
how to design with this type of frame system together with a strong 

rame producer have had a unique position for 

s to a lot of 

ublicity for this project, because 

e job. They were contracted to 
perform the timber frame but, due to misunderstandings or their lack 
of knowledge about the construction process, they thought that it 
just meant acting as a supplier while the contractor expected a ready 
to use frame assembled on site. When the design started it was 
obvious that they didn’t have a system as ready for construction as 
they, and the contractor, expected. This was the reason that the 
project became a development project. This relation is a transaction, 
figure 16, just as the above mentioned but it is not based in a 
competitive environment as the timber frame producer holds a 

arket right now. This 

relation to the timber f
future projects. As the architect worked together with the contractor 
in the pre-tendering stages their relation can be called cooperative, 
see figure 16, although it probably is just for this single project. The 
architect would have gained from a closer relation with the timber 
frame producer as it would have given them acces
information about the frame system which had given them better 
prerequisites for their design work. This might have given them a 
better chance to get future contracts from both the contractor and 
the client. It might also have given them a lot of good publicity. I do 
not say that they haven’t got good p
they have, but it might have been even better.  

The contractor and the timber frame producer: the frame producer was the 
only company that offered a solid timber construction system and 
that was the reason that they got th

monopoly on the Swedish timber frame m
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means that they have the opportunity to take strategic advantage of 

rs. In some sense the commitment 
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their position. 

6.2.2 Commitment, Coordination, Trust and Communication 
The commitment to conduct this project in a good way is probably based on the 
simple whish to earn money for most of the acto

dias interest have been large and a bad 
for ance would mean bad reputation widely spread. The frame producer i

tor, apart from the client, that, as I see it, may have other reason
tting to this project; they have invested a lot of money in their produc
olid timber elements and have to make sure that this “pilot” project can
 a good reference for the technique. The client of course wants the ho
onducted in a way that gives them their needed apartments but also ens
ffective maintenance and as a bonus gives them some good advertisemen

ordination between the actors in the project has worked relatively w
has been some problems whit the coordination between the timber fr
er and the designers, especially the installation designers, but also with
r handling foundation and roof. The problems has been somew
t, e.g. the coordination of the placement and size of installation shaft
 distribution and their effects on the foundation. The consequences of

ot been clear to every one, the importance of the timber frame elem
the “right” dimensions, if the acoustic and fire resistance demands wer
lled have been another issue. These problems can, however, not be bla
timber frame produce and the designers alone as, at least in my opinio
be the project managers task to see to it that the coordination w
ly and that every actor has access to the information that is neede
 the task at hand. This is in line with lean constructions flow view 

nal function of the project manager can’t cope with this it might be a g
r the contractor to se to it that extra recourses are focused on solving
he core problem in this case is that the organisation and traditions of 
tor makes this a solution not accounted for in the budget and, hence,
ion. It might have been different if the project had been set up 
ment project from the start and resources to manage the project as such
counted for in the contract. 

 one of the most important prerequisites for successful c
jec , unfortunately, trust, or creating conditions for trustful relations, has
 iven much consideration. The project has in all important parts b

ted as one among others. This means that “trust” is created and gove
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The lon tegic
focus b 99).
This is , which have to provide 
increasingly complex pr
env n duce
comple and 
supplie d by 
the dif ning
around  45. 
This gi

tracts, which is a bad foundation for developing cooperative rela
n the actors (Mohr and Spekman, 1994, Simpson and Wren, 1997). He
p, long-term cooperation can be created or maintained under th

stances.

unication is “the glue that holds together a channel of distribution” (Mohr
 1990).  It is, hence, an important part of any supply chain, in this case
of houses for the client. Communication can take many different forms,
ents, fax, e-mail, meetings. In this project most of the communication 
rough telephone calls and e-mails. This has been both positive and nega
project. If this had been a project conducted with “known” materials 
he system with meetings once a month and telephone calls and e-m
n them would have been enough, but in this project everyone would 
form more frequent personal contact (Cigén, 2003). The positive effe
etings has been that the cost and time for travels have been kept relat
hich should affect either the cost for the client or the profit for the o
The negative effects are problems originating from that the timber fr
r did not get access to proper/updated knowledge about installations 
ction work and the designers and sub-contractors not knowing eno
solid timber as a frame material that they needed to work the pro
ly.

Strategic focus 
g-term survival of most large organisations depends upon effective stra

ased on sound strategic planning (Betts and Ofori, 1992, Tan et al., 19
 especially true for construction organisations

ojects within a highly turbulent and competitive business 
iro ment (Betts and Ofori, 1992). Strategic focus is a means to re

xity, if not for a single project at least in the selection of clients 
rs, and thereby creating some stability. I have analysed the strategies use
ferent actors in the case project. To do this I have based my reaso
 some of the concepts presented in the strategic focus literature, figure
ves some implications to how the actors should act in future projects. 
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Lean Construction 

Process planning/ 
Project management  Cooperation

Figure 45: Terms defining Strategic focus concepts used for analysis 

6.3.1 Competitive strategies 
The traditional strategy for construction companies have been cost leadership; to 
offer the lowest cost compared with competitors. Unfortunately this has, many

Strategic focus 
Cost focus 

Differentiation focus 

times, lead to insufficient quality and contributed to the companies’ bad reputation. 
In this project the main actors; client, contractor, architect and timber frame 
supplier, have switched to more of a differentiation strategy, to offer something 
else than their competitors. Of course this does not mean that the cost wasn’t a 
competitive tool but the client decided that the aesthetical aspects of the houses 
would be an aspect in the purchase of the main contractor. This in turn meant that 
the architect competed for the contract, with the main contractor, with their 
pronounced interest in performing timber constructions as well as with their 
previous relations with the contractor and the timber frame supplier was the only 
supplier that offered this kind of system, hence, they did not compete with the 
economical aspects of the timber frame. In that way the main actors did not 
compete for their contracts by cost focus. Instead they competed on the basis of 
service, e.g., total responsibility for processes, adding extra value (visible wood 
surfaces and a great view from the houses) and maybe most important on the basis 
of problem solving, i.e., project development. If this lack of cost focus will 
influence the whole organisations or if it will end as just a project strategy is hard 
for me to say, but I believe that if this project is considered successful some of the 
strategic thinking from this project will be transferred to other, future projects. The 
recognition of this as a development project have, in my opinion, been essential for 
the whole project, if it just had been run as a traditional project striving after 
minimising costs to every extent I do not think that it would ever have been 
finished with its present appearance. 
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6.4 Complexity and Uncertainty 
Project complexity is the nature, quantity, and magnitude of organizational 
subtasks and subtask interactions posed by the project. Complexity is one project 
characteristic that provide a basis for determining the appropriate managerial 

based
on the need for more apartments. It would, though, not have been a problem for 
him to choose another contractor in the purchasing stage of the project. When the 
contract was signed, however, it would have cost the client a lot to change 
contractor. For the contractor, on the other hand, the project was important for 
many reasons, e.g., to get a chance on future project for the client, to show other 
potential clients that they are capable of conducting large housing projects. My 
opinion is that the contractor was more dependent on the client then the client 

actions required to complete a project successfully. Therefore, project-based 
management is frequently associated with the management of complexity. 

The main focus of the analysis of complexity and uncertainty have been on finding 
the components that make high-rise timber frame housing complex and then 
suggest solutions on how to handle the complexity, the main concepts used for 
analysis are presented in figure 46.

Complexity Uncertainty 

Interdependence 

Variation 
Foreseen uncertainty 

Unforeseen uncertainty 
Chaos

Vertical differentiation 
Horizontal differentiation 

Figure 46: Complexity and uncertainty concepts used for analysis 

6.4.1 Interdependence 
There are few large housing projects conducted in Sweden every year, and they 
are even fewer in the Sundsvall area. Therefore the interdependence between 
different actors conducting such projects is, generally, high. In this project where 
there are unsolved technical problems it was even higher. The interdependence 
between the client and the contractor was, from the client’s point of view, 

Technology novelty 
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was on the contractor. This is probably the reason that the contractor allowed the 
client to change the requirements agreed on in the contract during the project. As 
mentioned above this was a source of uncertainty in the project for both the 
contractor and the sub-contractors. 

The architect had stated their wish to conduct a timber housing project even 
before this project was actualised and, it was their chance to realise that whish. The 
reason why they got this chance is through their past cooperation with the 
contractor. On the other hand, the contractor got the job based on the aesthetical 
appearance of the houses which was created by the architect. Therefore this 

bably was one of 
ly one that can be classified as cooperation, 
ese two did work quite well. 

of uncertainty was a little higher then it is in 
most projects as the city plan of Sundsvall stated that buildings in the area, where 
these houses were to be built, had to have a clear wood profile. The obvious way 
of accomplishing this was by building houses with both the frame and the façade 
made out of timber. This was an obvious source of uncertainty as the over-all 

relation could be seen as a truly interdependent relation. This pro
the reasons that this relation is the on
hence, the communication between th

The timber frame supplier was very much dependent on the contractor; this is 
their first chance to test their solid timber elements in full scale. At the same time 
the contractor didn’t have any other suppliers to choose from if they wanted a 
system of both walls and slabs in solid timber. So this is also a relation of 
interdependence but for some reason my feeling is that the frame supplier is the 
one who has the most to gain from the relation.

The other relations are quite the same as in any housing project, all of the actors 
are happy to get a contract in a large project as this but the Swedish construction 
market is experiencing something of an upturn and the sub-contractors and 
designers probably would have managed to get other (smaller but still) contracts, so 
I do not think that this project really was essential for their survival. Never-the-less 
when they had signed the contract it would have been expensive in many ways to 
break it. 

6.4.2 Project uncertainty 
Organizational tasks vary in their degree of uncertainty. Task uncertainty is “the
difference between the amount of information required to perform the task and the amount of 
information already possessed by the organization” according to Tatikonda and 
Rosenthal (2000), in other words the more uncertain the task, the greater the 
quantity and quality of information processing required during the task activity, to 
generate the knowledge necessary to complete the task.  

In the studied project the initial state 
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Swedish experience of conducting high-rise timber frames was low and, hence, the 

ad been 

To be able (or maybe to dare) to conduct the project with a clear wood profile the 
client decided to purchase the project as a design/build contract to a fixed prise for 
three houses, with an option for the contractor on two more. This minimised the 
risk and the uncertainty for the client as the design/build contract puts all 
responsibility for getting the houses realised on the contractor. It also meant that if 
the first houses showed to be a failure (for any reason) the client had the 
opportunity to decide not to perform the last two, without breaking the contract.  

To decide on which contractor to get the job the client proposed that the four, in 
his opinion, most qualified contractors should compete in public with one 
architectural proposal each, every proposal was of course connected with a prise 
tag. The contractors were also offered the opportunity to leave a proposal with 
another frame material, this was one further way to minimise the uncertainty for 
the client as it meant that he had the opportunity to choose another frame system if 

mpetition was over, 

had proposed a solid timber frame. He recognised 
new but he believed that the solid timber 

knowledge on how to actually conduct such houses was deficient. There had been 
some high-rise timber volume element houses, successfully, conducted previously 
so the knowledge on how to manage such project was not totally absent. Never-
the-less, the client felt that this project would be a first-of-its-kind and, hence, in 
need of development project. He very early stated that he was interested to 
perform it as such, in that way he would have ensured that there h
resources for the development needed. But as no other investors were interested in 
that idea, and because of the situation on the apartment rental market in Sundsvall 
(almost noting left to hire), he still had to get the houses realised, but in another 
way.

timer proved to be to expensive for his budget. When the co
and a winner was appointed, the project became a normal design/build project.
The contractor who had won 
that the frame material (solid timber) was 
frame was ready for use in a commercial project, and thus, that the timber frame 
producer would be able to manage this project in the same way as a supplier of 
pre-cast concrete would have. Never-the-less, he took some precautions to ensure 
that the project would be possible to perform (within time and budget) e.g., the 
design time was increased so that issues concerning the regulatory demands on 
high-rise buildings with a high amount of wood could be solved.  He also tried to 
minimise the uncertainty through contractual agreements e.g., the purchase of a 
frame system instead of frame components and a heavy penalty for production 
delay. In this way he thought that he ensured that the variation in cost, time and 
performance would be predictable, though, random.
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When the project management understood that the timber frame producer 
couldn’t handle the construction process in the way he expected from a sub-
contractor, and that the timber frame system wasn’t ready to commercialise 
without further development the uncertainty was turned into a stage where the 

 by the engagement of several 

In this case, it is the horizontal differentiation that adds complexity to the project. 
efined by the division of tasks. The reasons for 

design tasks had to be redesigned continually and decisions had to be made based 
on incremental learning (De Meyer et al., 2002). As the timber frame producer had 
marketed their solid wood system as a ready-to-use system this need for further 
product development must be characterised as unforeseen. To the defence of the 
timber frame producer it has to be said that he, in every way, tried to solve the 
problems that did come up during the project but the products and the technique 
was not as developed as the contractors had imagined, hence, the project became a 
development project early in the process.  

The lesson learnt from this is that it is important to identify development projects 
and make sure that everyone is aware of the need for incremental learning and 
flexible planning very early in the construction process.  

6.4.3 Project differentiation 
Construction projects are typically characterized
separate and diverse organisations, such as consultants and contractors, for a finite 
period of time (Baccarini, 1996). This is true in this project as well. The actors 
were, in most cases, parts of separate organisations and they were contracted for the 
time it took to complete the project. A complex organisational (Baccarini, 1996) 
structure is one containing differentiated parts so that the greater the differentiation 
the more complex the organization, this can be defined in both a vertical and a 
horizontal differentiation.

The horizontal differentiation is d
this are that the organisational units are less then the actual tasks, e.g., the sanitation 
and heating designer is the same person as the ventilation designer, and that the 
division of tasks, in construction, in most cases are defined by personal 
specialisation, c.f. figure 5. This complexity derived from personal specialization 
gets even more complex as the construction process is divided into several different 
stages e.g., design, production, maintenance, with little communication between 
the stages (Cigén and Sardén, 2004).

The design/build contract should have given the contractor a better overview of 
the whole process and, hence, better possibilities to transfer the information 
needed between the stages. However, large geographical distances between the 
actors also made the process differentiated by time and territory. In this case, the 
main-contractor, the client and most of the designers and sub-contractors was 
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situated in Sundsvall, the architect in Umeå (270 km from Sundsvall) and the 
timber frame supplier in Bygdsiljum (320 km from Sundsvall).

The geographical differentiation have been a large source of complexity in the way 
that the actors haven’t been able to communicate directly, face to face, to each 
other as often as they would have needed (Cigén, 2003). Some of the problems 
that originated from the timber frame suppliers lack of knowledge about the 
construction process might have been avoided if the parties had meat and had the 
opportunity to ask questions and explain different issues to each other in a more 
spontaneous way than offered by formal meetings, telephone and e-mail.

6.4.4 Technology novelty 

timber projects the problem 
won’t be the newness of the products, technique or the actors. There success will 

This project became a development project. Therefore, I found it helpful to use 
the definition of technology novelty presented by Tatikonda and Rosenthal 
(2000): “the newness, to the development organisation, of the technologies employed in the 
product development effort” in my discussion about the newness of the timber frame. 
Technology novelty has also been differentiated based on newness of the product 
to the customer or newness of the product market to the firm (Tatikonda and 
Rosenthal, 2000). These definitions address characteristics both external, towards
the market, and internal, within the project, to the actual technical development of 
a new product. In this case it is important to consider both sides of the novelty.  

Timber frames for housing is not new, we have been building log houses, one-
family homes with scantling walls and volume element multi-storey houses for a 
long time in Sweden. Well developed, function based, codes for timber housing 
exist. The new element in this project is not the wood material but the specific 
building technique used for producing and connecting the timber frame elements 
to each other, and the new actor introduced to the construction process by their 
development of this specific technique. The novelty of the product lies, thus, not 
in the material it self but in the new products, technique and the actors.  

In this case both the technique and actors have been sources of uncertainty in the 
project. The timber frame producer’s previous experience of the construction 
market was mainly within the long-span timber structure sector where there are a 
more straight forward process, fewer actors and less functional requirements to be 
solved e.g., the demands on acoustics and fire resistance as well as on heating and 
isolation are less strict then in residential houses. Solid wood systems have been 
used in residential houses before but then in another context (c.f. Falk (2005)) e.g., 
timber volume element houses, see chapter 2, thus, this was the first time this solid 
wood frame was tested as a system. In future solid 
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rather be a measurement of how much the actors and the housing construction 
society have managed to learn from this project.

6.5 Processes of knowledge creation 
Learning and knowledge creation are important concepts for reducing complexity 
in many different situations, e.g. in construction (Chan et al., 2004, Baker and 
Sinkula, 2002). Therefore, I felt that studying and analysing aspect of learning and 
knowledge creation, figure 48, in the case project could contribute to my 
understanding of how they are handled today and how they might better 
contribute to project efficiency in future timber housing projects. 

120

d learning used for analysis of the case 

emenías, 2004). Demonstration projects should act as 

Figure 48: Processes of knowledge creation an

6.5.1 Demonstration projects 
In a world with few examples, few high-rise timber projects, it seems logical to 
learn from practices enacted within other industrial sectors. The problem with this 
is that managerial practices invariably are embedded within unique contexts. 
Therefore demonstration projects, with the main aim to distribute experience that 
will have an influence on mainstream building practises, is better alternative then 
studying other industries (F
examples with the role of making the abstract comprehensive. This is what the 
timber housing project in Sundsvall has done, it have been an example of what 
problems such projects may encounter and how to solve these problems, it could, 
thus, have been a perfect demonstration project. I say could have been because I 
believe that a demonstration project should be well planned as such, to ensure that 
the technique used is ready for the market and that the project becomes a good 
example rather then a one-of-a kind experiment. From a learning point of view 
(demonstration project), the Sundsvall project has encountered the risk of 
becoming just an experiment.

In other words I do not believe that it is a good idea to conduct product 
development in housing demonstration projects as it could act as a deterrent rather 
then as a model, however I do think that process development is best obtained 
within this type of projects.

Learning

Demonstration projects 

Explicit knowledge 
Implicit knowledge

Knowledge creation 
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6.5.2 Knowledge  
In the case of construction project management I believe that it is the knowledge 

se of the 
ction process and in the construction industry. 
ntext of the studied project, where a new 

of the construction sector as a society that is considered the most important as all 
governmental, and by the industry financed, projects takes measures to increase the 
knowledge in the construction sector as a group rather then focusing on key actors 
or persons.

This is by no means strange as individuals, in different ways, may disappear out of 
the industry, but my experience is that most of the knowledge created by project 
participation stays with the persons involved in the specific project becau
fragmentation in both the constru
Not to be forgotten in the co
system/material/technique is tested, is the competitive aspects of sharing 
knowledge. There is an obvious risk that sharing the knowledge achieved by 
project participation might lead to others being able to conduct the same work as 
you, hence, maybe oust you out of business.

The lessons learnt in the case of the houses in Sundsvall are many, both individual 
and organisational. The most important knowledge created in the project 
organisation as a total might be the importance of realising what projects that are 
development projects and how much development that is needed in them as well 
as to accurately plan for these needs. This type of knowledge is what Spender 
(1996) classifies as collective knowledge. 

The objectified knowledge (Spender, 1996) created by the project is not easy to 
differentiate from the conscious individual knowledge (Spender, 1996) as there are 
the strong, key individuals in the project and their knowledge that is visible to an 
outsider such as me as a researcher. It is also important to keep the social 
knowledge created within the project organisation separated from the social 
knowledge created within the different organisations participating in the project, as 
the later probably never will be available for the industry as a society, as it probably 
won’t become explicit. This is one of the major problems with research on 
knowledge creation in construction as I see it.  

It should be mentioned that there is a theoretical development project conducted, 
around the houses in Sundsvall, which strives to document the knowledge 
acquired within the construction project and at the same time develop the 
technique with solid wood elements in frames. This project is focused on 
industrialised timber construction and is not a research project. The results from 
the development project are to be presented at the end of 2005 or in the beginning 
of 2006.
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Never-the-less, I must say that explicit knowledge have been created within the 
housing project in Sundsvall, e.g. there have been solutions for acoustic insulation 
in and around the installation shafts, the solid wood system has been improved to 

g measures needed in this 

6.6 Summary 
Timber frame housing are not new, people have been building log houses, one-
family homes with scantling walls and volume element multi-storey houses for a 
long time. Well developed regulatory, function based, codes for timber housing, 
just as well as for any housing, exist. The new element in the project at the inner 
harbour of Sundsvall is not solely the wood material but the specific building 

w

t part of any construction project. In this case the 

mensions, therefore requiring extra cutting work on 

being able to take the loads needed, the fire preventin
type of project has been documented, or at least well discussed.  

The last type of knowledge, the individual automatic knowledge, is very hard to 
get a grip of (Spender, 1996). In this case, where my focus has been on the project 
organisation and on the actor level, I haven’t enough information on the individual 
level to analyse the creation of knowledge or of learning.  

technique used for producing and connecting the frame elements and the ne
actor introduced to the construction process.  

From a lean construction point of view this project was a typical, transformation 
focused, construction project. The objective was to transform material and 
requirements into houses through the performance of tasks within the budget. This 
is also the way the design phase was set off, as in an ordinary, design/build project. 
The contractor recognised that the frame material was new and untested, therefore, 
he took some contractual precautions to decrease the amount of uncertainty that 
he experienced. Hence, much of the management in this project focused on 
traditional contractual issues. These issues were handled in an efficient way by the 
contractor, the biggest issue probably was that no one understood how much of a 
development project this really was going to be. Therefore, there have been 
discussions about the extra time needed to solve problems that most parties 
assumed already solved by the frame producer, and if the actors should get paid 
extra for the extra time. In this context, it is important to say that the frame 
producer really tried to solve the problems that came up during the project.

Production flow is an importan
management of processes such as production flow and creating cooperation 
between actors was handled well. Still the production flow encountered quite a lot 
of problems. Many of these problems originated from the lack of knowledge about 
housing construction at the frame producer. The result was massive timber 
elements having the wrong di
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site. This in turn resulted in assembly delay, and that the installations assembled in 

 incitement for, and interest (by practitioners) in, changing the 

 the project, would give the project 

on with the “product”. The input from 

le project. If it just had been run as 

peration and trust generating activities had been prerequisites for the 
contract I think that further and more explicit knowledge could have been created. 

the factory, not being in their intended position leading to a lot of extra work on 
site. Other flow related problems that arose was that the assembly drawings were 
hard to understand for the assembly personnel and that the unloading of the 
elements did not work properly.

The lack of
management methods in construction projects probably is an effect of the 
cemented traditions in the construction industry. I think that managing projects as 
usual are a means for the actors, in this case mainly the contractor, to reduce the 
complexity and uncertainty in construction projects. This makes the choice of 
management method more of a tool for handling the changing and unpredictable 
effects of the environment in which construction takes place then a means to 
increase profit by customer satisfaction and a smother production flow. In the same 
time, I believe that another approach that takes both transformation, flow and 
value generation into consideration, would reduce the complexity even more as a 
broader view of the construction process, and
manager a better control over, and insight in, the different project activities. 

The management of generating value have mostly been handled through contracts 
and through the participation of the client’s representatives in meetings.  This is a 
very traditional construction way of handling value management. I am not sure if it 
really contributes to the fulfilment of the client’s requests and, what is even more 
important, to the end-customers satisfacti
the client after the tender is finished and the contract signed is very small in a 
design/build contract. The contractor have the full responsibility and possibility of 
conducting the project, according to the specifications in the tender documents, in 
the, most beneficial way i.e., the way that, in a fixed price situation, leaves him 
with the best profit.

As mentioned above, the relations in this project were, in all important means, 
characterised by contractual agreements and issues like coordination, cooperation 
and trust wasn’t given any consideration. Seeing this as a development project, 
have, in my opinion, been essential for the who
a traditional project striving after minimising costs to every extent, I do not think 
that it would ever have been finished with its present appearance. However, the 
development activities could have reached even further then they did and the 
actors probably could have learned more from the project if closer, more 
cooperative, and more formalised communication routes had been created by the 
project management. If the project had been initiated as a development project 
where coo
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In the project at the inner harbour of Sundsvall, the randomly, but predictable, 
variation, of cost, time and performance were the initial level of uncertainty. 
When the project management understood that the timber frame producer 
wouldn’t handle the construction process in the way normally expected from a 
sub-contractor, and that the timber frame system wasn’t ready to use, without 

stry financed research 
projects takes measures to increase the knowledge in the construction industry as a 

cusing on key actors or persons. The problem with this 

ated in the project organisation, as a 

further development, the management technique had to be redesigned for planning 
based on incremental learning.

In construction project management research, social knowledge seems to be 
considered most important, as governmental and indu

social group rather then fo
approach, as I see it, is that most of the knowledge created stays with the persons 
involved in the specific project because of the fragmentation in both the process 
and in the companies. Not to be forgotten, in the context of testing a new 
system/material/technique, is that when sharing knowledge, there is an obvious 
risk that others are achieving the competence to do the same work as you.  

The lessons learnt in the case of the houses in Sundsvall are many, both individual 
and social. The most important knowledge cre
whole, might be the importance of realising if projects are development projects 
and how much development is needed as well as to accurately plan for these needs.
It is important to keep the knowledge created within the project organisation 
separated from the knowledge created within the different organisations 
participating in the project. The later will probably never be available for the rest 
of the industry. This is one of the major problems with research on knowledge 
creation in construction as I see it.

There have also been explicit knowledge created within the project in Sundsvall, 
e.g. solutions for acoustic insulation in and around the installation shafts, the solid 
wood system has undergone product developing and been improved to a better 
performance/price relation, the fire preventing measures needed in this type of 
project has been documented, or at least well discussed. 
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7 Discussion and conclusions 

The objective of the thesis is to describe and analyse the housing process when 
new actors and materials are introduced, in this case a solid timber frame and its 
producer, and to find methods which can be used to handle complexity and 
uncertainty in future solid timber frame housing projects. 

The theoretical contribution of this thesis is that it puts solid timber frame housing 
into a systems perspective which is not traditional. It extends existing theories 
within construction, marketing and learning into a field where they are not yet 
tested. It also contributes with a description and analysis of the solid timber frame 
housing process, which not previously existed. This description and analysis might

imber housing construction do arise. Chapter 7.3 is a short 
summary to highlight some of these areas of interest.  

be used as a basis for future research. 

The practical contribution is that it gives an understanding of this specific solid 
timber frame housing project and the challenges that it have encountered. This 
understanding might help the involved actors, as well as actors trying to enter this 
market, to increase the efficiency and quality of future projects. In table 13 some 
problem areas that have been acknowledged and the suggested solutions to these 
problems are presented.

In the discussions below, a lot of issues that is of interest for future research in the 
field of multi-storey t

7.1 Theoretical conclusions and discussion 
Lean construction theory says that success factors for construction are; well 
managed individual and customised contractual arrangements, a predictable 
production flow with good cooperation between actors and a construction process 
that ensures that the client gets the value he wants. To ensure this in solid timber 
frame housing projects my opinion is that the most effort is needed within the area 
of creating a predictable production flow and cooperation between the actors. In the 
studied project a functioning production flow would have contributed to a 
construction process that had given the client the value he wanted in a more 
efficient way and better cooperation had made it easier to manage the contractual 
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arrangements. In this way cooperation is closely related to the principles of lean 
construction, or it is rather a prerequisite for a functioning lean construction.  

I think that it would have been good to focus more on the cooperative relations 
between the actors when initiating the studied project, especially as it was, or 
became, a development project. Construction product development might be 
undertaken within the producing organisation, i.e., the timber frame supplier, or 
within the construction project. If it is going to be undertaken during the project 

(i.e., design-production-
maintenance). To be able to do this he, or she, must have information, experience 
and knowledge. 

7.2 Practical conclusions and discussion 
In the pilot project in Sundsvall it has been evident that the lack of learning and 
communication between projects is one reason for the resistance against using 
timber frames in multi-storey houses. A structured way of sharing information, e.g. 
handbooks and manuals, and better coordination of the information that exists and 

as in my Case it puts high demands on the communication between the actors 
within the project to be successful. Communication depends on some kind of 
cooperation and this should be considered.  

In construction project management the social knowledge that focuses at the 
construction sector as a group have gained more attention then the knowledge 
created on the key actors or persons level. However, my experience is that most of 
the knowledge created by project participation stays with the persons involved in 
the specific project, as a consequence of poor communication. Therefore, I think 
that greater efforts should be taken to make this information explicit.

Managerial practices are always embedded within unique contexts, therefore, 
demonstration projects are a good alternative to studying other industries and their 
management practices. Demonstration projects should act as examples with the 
role of making the abstract comprehensive. The solid timber housing project in 
Sundsvall has been a demonstration project in this way. However, I believe that 
demonstration projects should be planned as such to ensure that they become good 
examples rather then one-of-a kind experiments. The Sundsvall project is a very 
good example but it is an experiment because of the many issues encountered.  

Housing construction projects are, by their nature, complex and I think that they 
always will be. The goal of construction management should be to minimise the 
uncertainty created by the complexity through transforming chaos into variation. 
To do this I believe that the project manager must be skilled in getting a good 
overview of the whole process and have well developed mechanisms for 
transferring information between the project stages 
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is created within each project, is essential for the long-term survival of timber as a 
competitive frame material for high-rise buildings.

For future projects, I think that the project manager should be a function that takes 
responsibility for the coordination of the information needed to perform the 

rs and efforts for increasing 
e of help for this function. I 

ieve that demonstration projects and efforts for knowledge sharing at the 
ure projects are means to increase the 

owed to favour any 

r form of contract, in the early stages of the 

e construction process. 

might be easier to obtain if 
t 

bly ocused then cost 
ntracts then low 

project. Frequent personal meetings between the acto
the trust between the actors, e.g. teambuilding might b
bel
different organisations participating in fut
knowledge about timber construction and strengthen timbers position on the 
market.

Public sector clients, which often are the ones that take part in demonstration 
projects, are not, by the laws of the European union, all
contractor over others, still they might benefit and strengthen their position as 
proprietors if they forms some sort of cooperative relation with each contractor 
conducting housing projects for them, at least after the contract is signed. This is 
especially true in future development projects. This might give them an 
opportunity to clearly state their demands and requirements, whether the project is 
a design/build, standard or any othe
project. One option is to connect with a consultant that is skilled in construction 
issues and that may help them with these issues through the project, as in 
Sundsvall. This would increase their chances to get the value they expect from and, 
at the same time, decrease the risks in, each project. In short I think that future 
clients would have the chance to be better proprietors if they increased their in-
house knowledge about th

Future contractors might get a stronger position towards clients through managing 
transformation and flow by focusing on value generation for the client, a lean 
construction view of managing projects. This focus 
some level of cooperation was initiated in relation to the intended client. I
proba  would lead to the need of a rather differentiation f
focused strategy as clients might have other prerequisites for co
cost. Contractors might also benefit from making sure that the right recourses (the 
resources needed to manage the transformation, flow and value generation 
processes) are allocated for each project, whether development projects or not. 
These resources may include information, knowledge, economy, personnel etc. 

One prerequisite, from clients or the society etc., for future projects might be the 
aesthetical appearance of the building to be, especially for demonstration projects. 
Therefore, the architects’ position in future demonstration projects might be 
stronger then in other projects. For this reason they are also an opportunity for the 
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architect to display their competence and, hence, get future contracts. The 
important issue in this case is that they are well prepared with thorough knowledge
about the clients’ requirements and about the behaviour of the building system at 
hand.
Table 13: Problem areas and suggested solutions 

Problem
area  Example Project solution Suggested solution 

for future projects 
Methods and tools 
for future projects 

D
ev

el
op

m
en

t p
ro

je
ct

 

amount of 
unforeseen
uncertainty. 

systems, that there 
exist detailed 
solutions to e.g., 
connections between 
components and 
suppliers that 
produce these. Be 
honest, e.g., sharing 
information.

some tools might be 
sector specific 
seminars, 
teambuilding,
demonstration
projects, product 
development.

The timber frame was 
not as ready for the 
market as the contractor 
expected.

The frame producer 
had to solve 
problems ad-hoc 
which increased the 

Make sure that there 
are technical 
specifications for the 

Create trust and 
good
communications

products and between actors 

C
om

m
un

ic
at

io
n Lack of communication 

of changes in 
dimensions of the timber 
elements leading to a lot 
of extra work with 
changing architectural, 
ventilation etc. drawings. 

This was solved by 
incremental learning, 
ad-hoc solutions and 
re-design.

The project manager 
has to take 
responsibility for the 
coordination of the 
information needed.  

More frequent 
personal meetings 
between the actors 
and efforts for 
increasing the trust 
between the actors 
through e.g., 
teambuilding.

In
fo

rm

and reduced efficiency 
on site. 

new the system, on-
site for the assembly 
of the first house. 

might be 
communication, use 
of handbooks and 
manuals and IT.  

at
io

n 

The assembly drawings 
were hard to interpret for 
the assembly personnel. 
This lead to time waste 

The timber frame 
producer had an 
assembly 
coordinator, who 

A structured way of 
sharing information. 

Coordination of 
information, which is 
a job for the project 
manager. Tools 

K
no

housing.
types of projects and 
through education. 

w
le

dg
e 

knowledge and 
understanding about 

The architect didn’t 
know how the timber 
frames load-distribution 
worked. The result was 
an ineffective and space 
consuming frame 
solution.
The fram

The actors had to 
learn during the 
project and adapt 
their solutions to 
their degree of 
incremental learning. 

Better information 
material and 
education.

Demonstration
projects and efforts 
for knowledge 
sharing at the 
different
organisations
participating in these 

e producer did 
not have the needed 

projects. This is 
accomplished
through
documentation and 
follow up efforts of all 
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Problem
area  Example Project solution Suggested solution 

for
Methods and tools 

future projects for future projects 

Te
ch factory physics), 

internal and external 
logistics etc. 

ni
qu

e 

The high degree of 
complementary work 
needed on-site as a 
result of a low degree of 
prefabrication.

The problem had to 
be solved by adding 
more man-hours to 
the production phase 
of the project.

Make sure that the 
technique is ready 
for the market before 
selling it to a client. If 
it is at the 
development stage 
make sure that it is 
clear in the tender 
that it is a 
development project 
and nothing else. 

Development
projects and 
coordination of 
information. Some 
tools are technical 
specifications, 
product development 
with a buildability 
focus (focus on 
assembly and 
increase the 
effectiveness of 

Lo
gi

st
ic

s 

The timber elements 
were hard to store on-
site because of the 
crowded space.  

Just in time 
deliveries. 

Make sure that there 
are routines for just 
in time delivery 
(which have worked 
well in this project) or 
make sure that there 
are room for storage 
under roof. 

Coordination of 
information and good 
communications. 
Plan the construction 
site with respect to 
the need for 
temporary storage 
facilities. Tools are 
just-in-time, routines, 
documentation,
planning.

C
om

pl
ex

ity
 

high-rise apartment 
building in the area for a 
very long time), new 
demands from the city 
plan (it prescribed a high 
degree of wood) etc. 

The time for design 
activities was 
increased in respect 
to standard projects. 

the project start. This 
might be 
accomplished by 
documentation,
education, seminars, 
communication,
information materials 
etc.

New technique (new 
ways for fire insulation, 
acoustics, installations, 
load-bearing capacity 
etc.), new actors (the 
timber frame producer), 
new type of project (first 

The architect and 
contractor met with 
persons that had 
been involved in the 
development of the 
solid timber frame 
system.  

Handle complexity 
through knowledge, 
information and 
communication.

Make sure that the 
knowledge and 
information needed 
for conducting the 
project is available in 
every project 
organisation before 

7.2.1 Guiding principles 
As a final conclusion I would like to give some guiding principles for future 
projects.

Make sure that every one is clear about the sort and amount 
of development needed for the completion of the project. In 
this way it is possible to allocate the resources needed for the project 
and to avoid, or at least minimise, the risk for problems associated to 
the development efforts needed. 



Chapter 7 – Discussion and conclusions 
    

130

Work with teambuilding and other tools to create trustful 
relations in the project team. Development demand transparent 
information and good communication, hence, the team members 
have to trust each other to the extent that they are willing to share 

f the team. 

Adopt a systems approach to d o
Constructi d ev rt,
ev  re p e
of fe , act .

Avoid development during d
Demonstration project act as as row
Development makes th ction p e
then it already is, hence, the risk of ghe
traditional, standard projects. This is a pro tro
new elements on the construction mark ciated with 
development under production (construction) because of the 
pro ct in i
ye t w
construction team as well as in the s o
projects that is development projects and which are dem
pro

7.3 F
There are many areas of timber housing construction that needs further research 
and development.

Based on the conclusions from this thesis I think that it should be st
to docume  mor  ho  i.e tion 
projects, t  e dge around f
constructio t s ns could be a source o n to 
be able to omplexity of hous reby 
find ways of managing uncertainty. Further, it should be interesting to look into 
the technical aspects of solid timber frame housing as there are several technical 
issu yet t in the frame system. 
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