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Industrialized construction processes promise higher efficiency but require different approaches. The 
industrialization not only alters the performance of the buildings but also alters the role, 
communication and activities of the stakeholders in strong correlation with changes in construction 
processes. Changes in processes set new requirements towards software tools of the construction 
process and at the same time the evolution of software tools provide new possibilities to consider. The 
development of building systems – systems for managing industrialized constructions – require the 
existence of customized software solutions instead or in parallel to more generic ones supporting the 
traditional processes. Processes supported with customized software tools could not only be quicker 
and more efficient but better in quality, however require different approaches in development, usage 
and maintenance of processes. The author is participating in the research project of investigating the 
application of software tools supporting design for industrialized construction processes. This paper 
intends to draw summary on requirements and implications of applying design tools on processes of 
industrialized construction. We will discuss the evolution of design tools, requirements towards tools 
and organizations, role changes and information management. The paper will also discuss the 
difficulties we face during the introduction of the new breed of design tools required for industrialized 
construction processes and some difficulties of the research activities. The paper is finished with 
summary on planed and possible future works in the area. 
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INTRODUCTION 
In the long lasting quest of improving the productivity, quality and predictability of the 
construction processes the adaptation of manufacturing industries’ mass customisation 
techniques, the formation of industrialized construction is a very promising concept (Lessing 
2006). The concept of industrialized construction is moving away from the traditional, one of 
a kind ‘engineering to order’ approach and introducing several new ways of forming the 
building product. Based on the so called customer orders decoupling point of Hansen (2003) 
these new ways include the practice of ‘modify to order’, ‘configure to order’ and ‘select 
variant’ ones (see Figure 1.). 

From the ‘engineering to order’ practice towards the ‘select variant’ approach the new 
solutions require increasing level of preparation before starting the actual construction 
projects for building instances. We could call building instance related activities as 
realization. The preparation includes the selection of product range to deal with, designing 
and manufacturing components, defining procedures. We could call these activities product 
development. The increasing level of development results in decreasing level of flexibility, 
the space for customization is increasingly confined in the realization stage; custom solutions 
require product development before the realization could begin. In other hand the realization 
stage require less work. 



 
Figure 1: Customer orders decoupling point; from Jensen (2010) 

 
The changing level of pre-production and flexibility results in the change of practice. 

The client communication for example shifts from the tailoring to needs kind of activity 
towards selecting the closest optimal from among the available solutions. Also the design 
activity becoming less prominent in the realization phase but it is moving into the 
development phase where the intent is not to design one complete item but components and 
product families that could be used for constructing complete items, building instances. The 
solutions supporting the new kind of construction processes also change. Following Jensen 
(2010) we call the collection of supporting solutions building systems. Building systems 
consist of process and technical platforms that help in the phases from capturing requirements 
until the delivery phase. These building systems typically need their own breed of software 
solutions that can support the new kind of approaches. 

In our research project we investigate the development and use of building systems 
where the first author’s task is to investigate software tool application for such systems. The 
goal is to collect information on the actual situation (problems and requests expressed), on 
the development of tools (requirements, solutions, difficulties, consequences) and as far as 
possible on the usage of the system. Recent papers include analysis of the software 
development practice for construction industry today (Rácz and Olofsson 2009), development 
of automated energy analysis module (Rácz, Rönneblad & Olofsson 2010) and proposed 
application of decision making methods for building systems (Rácz and Olofsson 2010). 

In the followings we are going to identify issues identified and foreseen around 
creating software tools for building systems supporting industrialized construction processes. 
The issues are grouped into technical, organization and research related chapters. 

DESIGN TOOL EVOLUTION 
Industrialized construction processes do not require in fact the availability of special software 
solutions however the confined solution space nature enables the creation of simpler and 
more stable schema of operation for the realization stage and calls for the use of computers. 



The more explicitly formulated and repetitive actions of industrialized processes could be 
more efficient if performed by computers. 

Compared to the software tools aiding the traditional construction processes the 
software tools of building systems could become more specialized to the actual system. 
Traditional software tools tend to specialize to the field of activity and the type of structure 
(analysis tools, design and detailing tools or tools for steel, concrete, wood structures) but 
those are still made to support very wide range of design solutions. In contrast the very 
essence of industrialized constructions is to select product range to be supported by a certain 
building system (Hvam, Mortensen & Riis 2007). Hence software tools used in building 
systems will be used only for a narrow selection of products, the solution space is smaller and 
at the same time the properties and attributes of the product range is predetermined to a wide 
extent. To make high performance tools for specific situations is easier than for broad set of 
solutions. 

However purpose made solutions, solutions capable of handling only a narrow set of 
products could hinder the possibility of reuse. While generic tools could be used for new 
kinds of products the special solutions need adjustments. This brings the consideration of 
creating more generic tools that are handling not only the selected product range but also 
other, possible future products. The right balance of general and special solutions should be 
found. Other solution is to seek for modularization, which is indeed an existing and 
welcomed technique in today’s generic tools because of software management 
considerations. 

The creation of building systems includes the new activity of development for the 
selected product range (Hvam, Mortensen & Riis 2007). When the decision is that purpose 
made or customized software should be used in the system then the development team needs 
to incorporate software engineering knowledge. The construction engineer and software 
engineers should work in close correlation or team members themselves should have 
combined abilities. It is likely that the involvement of software engineers is not a one-time 
activity but the software engineering knowledge is to be used continuously for the lifetime of 
the system. During the testing, introduction and maintenance as well as during the 
improvements of the system the manipulation of custom-made software tools is necessary. 
Organizations wish to introduce industrialized solutions and building systems might need to 
have continuous access to software engineering staff. 

The narrow field of product range and the consequent narrow scope of non-
predetermined product information results in fewer possible alternatives and so more simple 
process and information flow for the realization phase. Also many parameters are fixed in the 
development phase hence less to decide and work on. The more simple processes could open 
up the possibilities for software algorithm creation for parts of the processes. Consequently 
computers instead of manpower could perform certain activities. Higher extent of design, 
analysis and information management could be handled without human interaction. In case of 
standard products (Figure 1.) probably the whole set of processes could be automated but 
even in case of standardised parts and modules the otherwise time and human resource 
intensive cross discipline operations (eg. from architect to structural engineer) could have 
more or less automation. Since the solution space is confined, preferred or optimal solutions 
could be fixed during development. The interpretation of building design and creation of 
discipline specific models might be simplified or automated. 

The underlying information management of building systems might raise previously 
less dominant difficulties. The development phase of building systems produce vast amount 
of information on the construction from various disciplines. The information storing 
requirements and data formats of the various disciplines are usually different. Software tools 
of the disciplines have their unique data schema and file formats, as well as procedures. 



Building systems need to support the various information management requirements of 
disciplines; technology that supports all possible variations should be found. As the stored 
information could vary even during running projects flexible systems is anticipated without 
pre-defined schema of the data. The difficulty is not only to find the solution that satisfies all 
needs but also that generic solutions are usually less efficient than those assume certain data 
format. 

CHANGING PRACTICE 
The change in industrialized processes alters the work method of team members. It is 
different to design and work with a one of a kind solution than design for a whole product 
range and later configure the template products several times based on the available options. 
More work should be put into the development phase of building systems while working in 
the realization phase is shorter and confined. Engineers might receive this positively but 
architects might feel of loosing space for creative thinking (Jensen 2010). On the positive 
side we could mention that the less work in the realization phase means that stakeholders 
could investigate more alternatives during the same given period of time, especially when 
automation is involved, consequently having more chance of finding the optimal alternative. 
Or it is possible to switch between projects more quickly. 

The new kind of activity of development and system maintenance should be 
addressed in the organizations (Hvam, Mortensen & Riis 2007). As it is mentioned above the 
development might include software development responsibilities too. Teams should be 
established for development and system maintenance tasks. Further new task is the 
interactions between the development and project realization teams. Requests should be 
delivered towards the design team and instructions towards the realization team. A further 
important consequence is that the client communication responsibilities are altered. 

The construction industry is traditionally fragmented concerning the involved 
business units and organizations. Projects could have several independent players to involve, 
generic contractors, architects, engineering consultants, constructors, other subcontractors. 
Not even the tasks but the responsibilities and legal bindings are distributed across 
organizations. Software solutions of building systems work better when the solutions are 
homogenous. However the development, maintenance and improvement of a building system 
could be more difficult if independent decision making organizations are to participate. In 
Sweden the industrialized construction initiatives have came from middle sized or big 
companies so far (Jensen 2010) and the developing companies own the building systems 
exclusively. For wider base of introduction the inter-organizational barriers should be 
lowered. Proper technology and techniques should be chosen or developed. 

Effective building systems covers the whole construction processes from conceptual 
phase to delivery phase and the processes form an integrated chain. The introduction of the 
building system affects all phases of construction and the methods used in the phases should 
be compatible, made to work in only a certain combination. Therefore building systems 
should be introduced in one piece. This could be a risky move if it is done for the whole 
organization. What is a less risky move is to form a team that develops the first version of 
building system for a narrow – but still wide enough to address client needs – product range. 
After development and successful test runs the rest of the organization could be involved in 
the new kind of practice (Hvam, Mortensen & Riis 2007). 



RESEARCH ASPECTS 
Building systems integrate practice and professional knowledge from various fields into one 
seamless system. For operating successfully it should built for the need of the disciplines 
involved. Because it integrates the disciplines the changing practice of professions and 
practice affect each other and the overall process more directly. During the alteration of 
discipline specific activities the conditions towards each other should be considered. For 
example changes in engineering designs might affect client communication activities directly 
through necessary input definition and it might be directly affected by changes in 
procurement practice. Also since for an effective system the use of computer technology is 
necessary information technology expertise required: understanding the requirements of 
software engineering becomes the essence for developing and maintaining a building system. 
It seems to be practical if the involved researchers have higher than usual understanding of 
other related fields of their professions to assess the effects of changing practice. At least to 
have research team members from multiple disciplines seems to be essential. The acquisition 
and the coordination of the various expertises could be difficult and time consuming. 

For the validation of methods and for investigating the issues of introduction 
industrial ties interested in industrialized construction should be involved. Here as for 
researchers the complete set of disciplines should be available as the building systems cover 
the whole process chain. Likely companies with broad field of practice is the best to 
cooperate with instead of numerous specialized ones however the fragmented nature of the 
construction industry will not be represented in the research project then. Additionally to find 
a realistic and practical scenario where new findings can be validated could be a problem as 
elements of the building systems might not be operated individually and the validation and 
test of bigger and complete system might be risky. Likely it is necessary to find partial 
application scenarios, for example limited product range to support where fewer people are 
involved; however the product range should be wide enough to have practical value. 

The author is involved in the research as an industrial PhD student, which means that 
he is employed in the industry part time. The findings of the studies are expected to 
contribute to the success of the affiliated company, practical findings are eagerly awaited, 
therefore support is given to a great extend for the research. However the daily situations and 
requirements might temporarily overweight the long-term interests of the research or 
influence the focus in the research. These easily result in a somewhat unstable research path 
where the future results could be difficult to predict for the individual. This might be negative 
for the sake of a sound academic thesis but since it reflects the requirements of the industry 
the findings might be still valuable regardless of the irregular research track. The scope of 
industrialized construction is quite wide so the research has numerous possible paths to 
choose from; a continuously changing research track could be as valuable as one that 
predefines many years of activity and hold on to the track. It is only difficult sometimes to 
harmonise the formal requirements of the academic word with the fluctuating nature of the 
industrial ties. 

SUMMARY AND FUTURE WORK 
We seen that – partially through previous publications – the required new work methods and 
tools of industrialized construction result in organizational changes and the emerge of 
previously non-existent, less dominant or separated activities like system development 
(Hvam, Mortensen & Riis 2007, Rácz, Rönneblad & Olofsson 2010). Client communications, 
design practice, project management, software tool development, use and management issues 
were highlighted here from among the many possible ones. Further aspects around staff 



responsibility, procurement, manufacturing, product development and on site construction 
activities would worth further investigations. 

The author continues to experience in creating software modules for building systems 
that are able to perform various design and analysis activities, as far as possible in a less 
labour intensive automated manner. The ultimate goal is to investigate the information 
technology aspects of building system development and the application of automation. Likely 
the author will encounter further construction project and process flow related issues as these 
directly affect the way software tools are created and used. 

The author will continuously seek for research connections in the field of 
industrialized construction. Researchers involved in any narrow area of the interconnected 
industrialized construction processes benefit from the experiences of each other. It will also 
be necessary to seek researchers and contacts in the field of software engineering and 
information management. 
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