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ABSTRACT 
The purpose of this study is to develop methods in the design of roundabouts that can be used in early conceptual 
phases of infrastructural projects to avoid erroneous solutions propagating downstream the value chain. Adapting 
theory and principals from mass customization and design configuration, a configurator for roundabouts to be 
used in early phases was developed and validated in a live project. The configurator is built in SolidWorks and 
parametrically coupled to the use of Tacton Studio. The configurator generates a drawing and a protocol that 
informs the user of the chosen configuration and where it doesn’t conform to the Swedish standards. 
In conclusion, it is possible to use theories from mass customization to develop configurators that can simplify the 
design process and thus evaluating the design according to norms and standards in early phases of the project. In 
the search for increased efficiency within infrastructural projects, parametric modeling configurators can be used 
to speed up the design process and expand the range of alternatives that can be generated. In that sense, this article 
contributes to the understanding of how mass customization principles in general can be used in construction and 
how it can be implemented in the design of specific projects. 
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1. INTRODUCTION 
Like many other areas in the construction industry, the civil engineering for infrastructure projects are blamed 

of having low productivity and innovation compared to the manufacturing industry (Teichholz, 2001). The 
government commission on "more road and rail for the money" is a nationwide effort, which aims to remedy this 
problem (SOU 2012:39). Today, the industry is in a situation where few variants are tested where engineering 
consultancies are forced to lowering their profit margins due to higher costs and insufficient reuse of solutions. It 
is also often debated by researchers and construction management that early stages of projects, i.e. design stages, 
is important in order to operate and manage projects during construction properly (Gerth et. al., 2013). Early 
stages relinquishes documents with uncertainties about regulatory compliance, resulting in lower quality of the 
final product with risks of accidents as an result. It is said that a substantial part of waste and failure can be 
attributed to errors and mistakes in the traditional on-off engineer-to-order product design process,  (Lopez and 
Love, 2012).  Also the link to production constraints is neglected and therefore, solutions that is presented is often 
not designed according to what is easy to construct and leads to a poor buildability of the product.  

The present infrastructure process is divided into three phases: traffic analysis, design phase and the technical 
finalization (VGU, 2012). The traffic analysis aims to determine the functional requirements for the product 
where design phase aims to propose and lock the selected solution to meet the functional requirements of the 
traffic analysis. The design phase don’t need to follow any rules for construction, enabling solutions that have 
been raised in the earlier stages usually need to be redrawn completely in the technical design phase to ensure the 
quality of the final product. 
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One way of realizing better connection between design and production is to develop platforms from which a 
stream of derivative product and processes can be configured (Meyer and Lehnerd, 1997).  Such a platform and 
configurator should be developed on the basis of modules to fit customers’ needs of the target market segment 
(Hvam et. al., 2008). According to Erixon (1998), Modularization is described as “decomposition of a product 
into building blocks (modules) with specified interfaces, driven by company-specific reasons”. As seen in the 
definition the focus on interfaces and the development of the technical solutions in close relation to the company 
business, is an essential part of the modularization work. It also complies with the definition by Ulrich (1995), 
which describes a module as a “chunk”, “A collection of components that implement the functions of the product”. 
Construction industry therefore need to focus on defining “the products in the product” to be able to reuse the 
solutions that might increase the productivity.   

The programs that are used today, usually have built-in support for the design of roundabouts and are usually 
developed to support phase 3 where the technical design is done. But since in many cases the design phase has 
resulted in something that is not going to be built on, these tools can’t be fully utilized. The large vendors has also 
not yet adapted these support into the Swedish norm. By focusing on the early stages, an increase in productivity 
in the design and production could be found, solutions that are drawn in the design phase could be utilized in the 
technical stage of the design phase. 

Configurators could be able to control the design in the early stages and improve quality of the final product 
by ensuring that the rules are followed, but also allows more variations to be tested. They can also increase 
buildability through the coupling of standardized components e.g. standard curbs etc. The aim of this paper is 
therefor to describe the development of a configurator that can be used in early phases of the design process 
enabling buildability of  products further downstream the value chain. The configurator developed and described 
in this paper thus works as an carrier of the product platform and enabler of mass customization principals in an 
consultancy firm in construction. 

2. THEORY OF MASS CUSTOMIZATION 
Tseng and Jiao (2001) defines mass customization as "producing goods and services to meet individual 

customer's needs with near mass production efficiency" balancing operational benefits of economy of scale with 
product variety and time-to-market to fulfill market needs. In the search for fulfilling these benefits definitions 
like product platform and configuration systems have been introduced (Piller, 2004).  

2.1 Product platform 
The product architecture is described as the arrangement and mapping of functional elements to physical 

components and the interfaces with other interacting physical components (Ulrich, 1995). A modular architecture 
has a one-to-one mapping between the functional element and the physical component of the product which 
provides the function with de-coupled interfaces between components (Kim and Suh, 1991; Ulrich, 1995). An 
integral architecture on the other hand includes a more complex mapping between functional elements, physical 
components and interfaces between components and is more often found in one-of-a-kind produced products 
(Ulrich, 1995). 

A product family is a group of products with similar properties that can be derived from a common platform. 
Meyer and Lehnerd (1997) define a product platform as “A set of subsystems and interfaces developed to form a 
common structure from which a stream of derivative products can be efficiently developed and produced”. Harlou 
(2006) quote VW; “The platform is an entity that has no impact on the vehicle’s outer skin” meaning that things 
customer cannot see, do not need to be unique and can thus be made standardized. The reason for developing 
product platforms is the search for increased variety for customer while retaining as little variety between 
products as possible, this while sustaining economies of scale (Jiao et. al., 2007).  

A product portfolio can be seen as all possible products that a company can offer based on their product 
platform. Based on the company’s product portfolio derived product families that addresses specific market 
niches can be developed (Jiao et. al., 2007). De Weck et. al. (2003) means that to be able to target specific market 
niches, the degree of commonality can’t be too high, “each variant from product platform might not be 
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competitive in its specific market segment due to inferior performance caused by sharing constraints”. The key is 
therefor to develop products generated from a product platform focusing on the right criteria’s  from which a 
number of products can be derived either by adding, removing, or substituting one or more modules to the 
platform or by scaling the platform in one or more dimensions (Farrell and Simpson, 2003). 

2.2  Configuration systems 
Product configuration as described by Hvam et al. (2008) is an effective way of structuring products 

composed of standard parts, and product configuration is also a method of presenting products to customers. The 
concept of a configuration system is also known as constraint-based programming, where the solution space is 
defined and can be illustrated by a set of rules determining how components and modules can be combined into 
products. To be able to address the different stakeholders and disciplines, the product can be defined in product 
views showing relevant information for a specific actor. The product views with their related product structures 
can be defined according to Hvam et al. (2008) as; Customer, Engineering and Production view, where the flow 
and exchange of information from design to production and between stakeholders is believed to be important in 
order to improve the construction process. Traditional design is transformed into a configuration process 
supported by knowledge based engineering (KBE) of the final product, (Sandberg et al., 2008; Erixon, 1998). 
Additionally, products structured in a product model (platform) become a company view of the product range that 
can be held in common by sales, design and production departments and carriers of knowledge. 

Today there are manly four CAD applications to be used in infrastructure projects in Sweden that have 
configuration support; Via Novapoint,  Autotrack, Civil 3D and  Bently.  Via Novapoint and Autotrack is a plug-
in software for Autocad and Via Novapoint was one of the first to be used for infrastructure projects in Sweden. 
Civil 3D is one of the most common CAD-programs in Sweden but only with French and US-standard  built in. 
They all have in common that they have direct integrated support in the CAD-programs whereas the feedback 
loop can be relatively long since they can’t be altered by the consult company that are using it and when norms 
are changed this might not be alter directly, making it hard to fulfill Erixons (1998) module driver; “Driven by 
company-specific reasons”.  

2.3 Information exchange 
The flow and exchange of information from design to production and between stakeholders is believed to be 

important in order to improve the construction process. Currently there are no standardized exchange format  for 
roundabouts. The lack of exchange format makes it  hard to transfer a roundabout design from one application to 
another. The vision of storing and sharing information with the use of databases using a common data format like 
IFC is still not used in practice when jurisdiction in the industry complicates the use of shared models. Also, the 
implementation of the IFC schema in many commercial applications has been shown to be unreliable with 
information losses and distortions as a result (Pazlar and Turk, 2008). Instead, in current practice CAD formats 
like DWG or DGN is used. Often the information exchange between applications relies on propriety data formats, 
application specific exchange protocols or add-on solutions, (Racz, and Olofsson, 2009) Many of the application 
specific solutions are based on XML (eXtensible Markup Language) as the transport mechanism for exchange 
( Zhinling et. al., 2004).  However, the structure of the information representing the roundabout is strongly related 
to the application used. This creates limitations, since roundabout applications fails to interpreter the roundabout 
data from another tool. Instead, information exchange between two tools are dependent on manually extraction, 
transfer and re-structure of information to fit the new environment, this can happened several times in a 
roundabout exchange process since it normally involves several of road designer and actors which is spread out in 
a long time horizon. 

3. RESEARCH DESIGN 
The research design is based on a single case study.  The method was selected because case studies are 

suitable when studying complex processes in general (Yin,1994).  Furthermore, within the case we used an action 
research methodology applied to a system development research (Nunamaker and Chen, 1990; Chiasson and 
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regulations they rather do as they always have done with no quality check when this makes their job easier with 
no constraints from curbs etc. in their phase neglecting the production phase.   

Future work will aim at measuring time savings with the new way of working over the different design phases. 
Also, feedback from production will be collected to enhance the buildability of the roundabout module. The 
development of other modules in the company infrastructure platform such as bus stops, bridges and railway 
crossings that uses the same technics as the roundabout have already started. 
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