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Abstract  
Literature on BIM reports case studies and challenges observed when applying BIM in the 
construction industry. Literature on mass customisation elaborates on methods and experiences of 
applying modularisation and product configuration including examples from the Architecture, 
Engineering and Construction (AEC) industry. However, only limited literature is available on how 
modularisation and configuration can be applied in a BIM context. This paper aims to investigate 
how the principles of configuration contribute to overcome some of the reported challenges while 
applying BIM in the AEC industry. This study sets out to explore the principles of platform design, the 
relations between industrialisation and mass customisation through serialisation facilitated by BIM 
for a given case of design, manufacturing and assembly processes of building envelopes in the AEC 
industry. A customisable façade system has been developed to accommodate: 1) The panel 
components which can lodge different materials; 2) The mullions which can oblige different 
geometries, 3) The support structure which can accommodate a variation of different geometries 
and lodge components with different shapes, sizes and dimensions. The identified possible 
improvements of using BIM, supported by modularisation and configuration, have been tested and 
evaluated through the case study. 
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1 Introduction 
Major advancements in Building Information Modelling (BIM) have started materialising over the 
past two decades and their impact on the architecture, engineering and construction (AEC) industry 
is indispensable. It is not new knowledge that some disciplines in the AEC industry, and within them 
some specific areas have benefitted from BIM more than the others are. However, full opportunities 
are yet to be materialised and many more capabilities are yet to be discovered and exploited to the 
full capacities BIM can offer in the AEC industry. 

Although it does not take much to rule out that a house is not a car yet – and that it might never 
become one – the AEC industry has long been suffering from recurring bouts of Henry Ford 
Syndrome: Why can’t we mass-produce houses, standard, well-designed, at low cost – in the same 
way Ford mass-produced cars [1]? The fact of the matter is that the myth of Henry Ford – even if it 
were true at its climax; what some researchers have strongly argued against [2] – is long overdue 
even in car industry. The AEC industry, therefore, no longer has the luxury to aspire to such a longed-
for but probably outdated dream. Emerging strategies in manufacturing have helped AEC transcend 
into the transpiring post mass-production paradigm but the technological requisites have not yet 
been up to speed. BIM as a ‘philosophy’ encompasses novel technological ‘tool’, nurtures a common 
collaborative ‘environment’ and most importantly offers a shared ‘platform’ [3] – rather a virtual or 
an ‘e-platform – for operationalising such collaboration. It has, therefore, the capacity to speed up 
this process [4], and successfully leading the AEC industry on to the Industry 4.0 era. 

BIM is an Information Technology-enabled (IT) approach that can reduce modelling errors and allows 
for design integrity, virtual prototyping, simulations, distributed access, retrieval and maintenance of 
the building data [5]. For design disciplines, BIM is more an extension to Computer Aided Design 
(CAD); whereas for non-design disciplines, it is perceived more as an intelligent Data Management 
System (DMS) to quickly and directly take off data from CAD. While there are evident overlaps, BIM 
application vendors seem to aim to integrate the two requirements [6]. Most recently, CAD packages 
such as ArchiCAD and AutoCAD have adopted the object-oriented approach [7] with certain 
capabilities  borrowed from the contexts in which object-oriented design has a more established 
history. Major BIM applications such as Bentley MicroStation and AutoDesk Revit have also started 
including tools and capabilities which can be developed further to facilitate fully parametrised 
object-oriented design and production. However, such attempts, although have provided a broad 
range of potentials – as will be discussed later under the literature review section, have not yet 
totally come to fruition and this is what this paper seeks to address as a gap in the knowledge.  

There are research available on BIM and how the modularised components can facilitate the design 
of buildings while mentioning the gained benefits [3,8,9]. There are few researchers who focus on 
BIM as a platform that can facilitate modularisation and personalisation process in a totally multi-
disciplinary environment while involving customer or other stakeholders [4]. This paper develops the 
findings of a previous independent research project to further investigate how BIM can facilitate 
wider application of a customer-centric approach based on (mass) customisation and personalisation 
[(M)CP] in the AEC industry. Moreover, the literature review on BIM has not been intended to be 
exhaustive and only focuses on: 1) challenges and benefits of BIM, and, 2) BIM as a Platform. In this 
paper, we aim to fill the gap in the existing knowledge using platform design to enable 
modularisation of façades components as an approach to personalisation focusing on customisable 
building façade systems. This paper unlocks the potential benefits of BIM tools by proposing a 
platform to enable BIM to perform as a visualised configuration system in the AEC industry, as other 
specialised configuration systems are applied in other industries. The configuration system supports 
product specification processes by providing the user with product customisation choices while 

Sara Shafiee
The reason is that we are using IT as abbreviation afterward for configurators (so it is nice to introduce it here



ensuring that only valid combinations can be chosen [10]. Hence, the main research question of this 
paper will be: How BIM technology can be adopted to facilitate an (M)CP configurable platform for a 
customisable AEC product (building envelopes, in the selected case of this study)? 

The study starts with a review of (M)CP with particular reference to platform design and products 
architecture followed by a targeted investigation of BIM most specifically as a platform which can 
facilitate modularisation for (M)CP. At the next stage, the contextual requirements of a customisable 
façade will be adopted – from the first stage of this study, further adapted, analysed and developed 
to define what is required to facilitate an (M)CP platform for a customisable façade. For this 
purpose, a case-based approach has been developed and deployed to overlay those requirements 
with capabilities and variations that BIM can offer as a platform. Utilising the systemic approach to a 
façade – as the system – and its components and elements – as sub-systems, recommendations will 
be provided as to how such a modular platform can be developed to best suit the context specifics 
of the product and process in the AEC industry. This will be followed by proposed routes in which 
future research can be developed so that other benefits of BIM in offering a fully customisable 
envelope system can be fully utilised in an automated production process in the AEC industry. At 
service level, developing a web-based or standalone application with an interactive Graphical User 
Interface (GUI) to enhance the utilisation of BIM which will help promote MC-inspired mind-set in 
the AEC industry would be the next step forward in this ongoing research project. As its contribution 
to the body of knowledge in this field, this research will set the scene for a more profound uptake of 
(M)CP strategies in the AEC industry, where a shift in the production process paradigm is promoted 
to help the AEC industry to pitch into the Industry 4.0 era more rapidly and more informally.  

Practically, this research explains the design and development process of a BIM family which has 
been developed to accommodate a modularised customisable façade. In the first phase, we 
elucidated on how the host for this family was developed. This family will be used in this paper as a 
‘host’ for a curtain wall where other elements and parameters are assigned and set to be 
customisable either independently at sub-system level, in junction with other same level parameters 
or as a variable dependent on their ‘host’ – the system. The host accommodates and coordinates the 
parameters of a series of façade elements and/or parameters within itself [4]. This paper focuses on 
the platform design to enable modularisation of façades components as an approach to 
customisable façade system, where the host family will now be utilised to develop: 

• The panel components which can accommodate different materials  
• The mullions which can take different geometries 
• The support structure which can accommodate different dimensions and facilitate different 

geometries 

2 Research Design and Methodology 
An in-depth critical review of literature has been carried out to establish the correlations between 
BIM – as an Information and Communications Technology (ICT) virtual platform – and (M)CP – as a 
manufacturing strategy which sets out to deploy the full potentials of this virtual platform through 
principles of product platform and configuration. The aim will be to further develop a methodology 
for effective application of (M)CP strategies in the AEC industry using BIM capabilities. The systemic 
approach developed in this study will then be used to further develop the study into its next stage 
where a structural support system will be developed to accommodate the geometry and location of 
a curtain wall relative to the building main structural system. This study will also elaborate on the 
interface system, which needs to be put in place so that the façade support structure can link up 
with façade elements at one end and to the building structural system at the other end.  
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The case study, as a research methodology, comprises all-encompassing methods, covering the logic 
of design, data collection  approaches,  and  data  analysis  techniques [11]. In operation 
management, case study has consistently been one of the most powerful research methods, 
particularly in testing new theories [12]. Case study research is also the most widely used qualitative 
research method in information systems research, and is well suited to understand the interactions 
between information technology-related innovations and organisational contexts [13]. Inductive 
case-based research has been used both for hypothesis testing and developing new theories. 
Conducting multiple case study requires attention to the data triangulation as well as observer 
triangulations [11,14,15]. Multiple benefits can be gained from triangulations such as 
complementary insights, which add to the richness and the convergence of observations to enhance 
the reliability and validity of findings. The case study method, therefore, was deemed suitable and 
capable of supporting the objective of this research while answering the “how” and “why” 
questions. 

A universal case study was developed previously looking into the geometry and the form of the host 
for the product family. It provided a customisable framework for accommodating products, 
components and materials with a promise of offering capacities to develop in further stages of this 
research [4].  This proposed universal case will be used in this stage of the study, to test different 
categorical variations of forms, materials, openings and their relative locations with a special 
emphasis on it as a configuration platform. It will be demonstrated how devised capabilities in the 
case as a host can be deployed to support a fully parametrised platform to accommodate a 
customisable product (a building envelope) in the AEC industry. This study will capitalise on the 
relations between industrialisation and mass customisation through serialisation of the process. The 
parametric case will be put into test by adding those elements and components exploring: 1) how 
the potentials of the generic system developed and explained before can be put into practice; 2) 
what practical issues and technical problems may be faced with and; 3) how those issues can be 
addressed or resolved. The family developed for this research is used as a platform for application of 
the modularised architecture of a series of elements and components to achieve a final product line 
with high degree of flexibility and variation for customisation. The host family and its potential to 
accommodate modular elements will be elucidated on to help understand, frame and potentially 
resolve or avoid possible associated problems. This phase of the study is a step ahead on the path to, 
and can further pave the way towards, a parametric and/or automated approach to Artificial 
Intelligence enabled (AI-enabled) design in the AEC industry.  

3 Challenges are reported in the literature where cases of application of BIM in the AEC industry have 
been studied. On the other hand, literature on mass customisation evidences methods and 
experiences of applying modularisation and product configuration with some examples from the 
AEC industry. However, only limited research have been conducted to date with an aim to explore 
how modularisation and configuration can be applied in a BIM context. This paper mainly focus on 
how the principles of modularisation and configuration may contribute to overcome some of the 
AEC industry challenges while applying BIM. Moreover, the case study is the selected method to 
identify, test, discuss and evaluate the improvements of using BIM, supported by modularisation and 
configuration. Product Architecture and Platform  

3.1 Product (Family) Architecture 
Product architecture is known as the way the functional elements of a product are arranged into 
physical components and how those components interact with each other [16,17]. Product 
architecture development happens during the configuration stage, normally after conceptual design 
and before parametric design [18]. There are potential linkages between the architecture of the 
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product and five areas of managerial importance: 1) product change; 2) product variety; 3) 
component standardisation; 4) product performance; and 5) product development management 
[19]. Jiao and Tseng [20] describe product family architecture from three perspective: functional, 
behavioural and structural. They assert that although leading companies have realised that these 
three views should be taken into consideration when a product family architecture is being 
designed, this is a very challenging task partially because the knowledge pertaining to those 
perspectives exists in different organisations [20]. 

3.2 Platform Design  
Platform is “a set of subsystems and interfaces that form a common structure from which a stream 
of derivative products can be efficiently developed and produced” [21: p39]. Thuesen and Hvam [22] 
suggest, rightly, that working with platforms in AEC industry does not necessarily require a high-tech 
infrastructure, and that “substantial benefits can be achieved by applying existing construction 
practices and tools”. They follow on to conclude that “This is not to say that IT systems might have 
an influence on productivity, but productivity can  [also]... be reached through a combination of 
well-defined skills and organisational culture” [22]. In construction industry, however, BIM – which is 
broadly acknowledged as a new platform which can facilitate achievement of better and more 
predictable quality, lower cost (in long run and over the lifecycle of the building) and more 
comprehensive information management processes throughout the lifecycle of the buildings – is, by-
default, established on advanced IT foundations [23]. This however, corroborate Thuesen and 
Hvam’s point regarding the need for “well-defined skills and organisational culture” which are two of 
major pre-requirements and principles BIM’s has been founded on [22].      

3.3 Module, Modularity and Modularisation 
The concept of modularity is believed to have first emerged in the computer industry in 1960’s [24] 
and then widely spread to manufacturing. However, originally published in French in 1950s, Le 
Corbusier’s Le Modulor [25] and Le Modulor II [26], were the first attempts on dimensional 
coordination which gave rise to modularisation as a basis for other industrialised and non-traditional 
methods in post WWII Modern Architecture [27]. The concept of modularity in other industries, 
however, is primarily different from what was initially conceived in the AEC industry. Modularity is 
rather concerned with components than mere sizes and dimensions and involves the platforms and 
interfaces design to help facilitate customisation of end-products and services [28]. In principle, a 
module is understood to be a physical, conceptual or virtual clustering of some elements and 
components. Hence, modularity can be perceived as the concept of breaking down a system into 
independent parts to accommodate modules and the modules that can be treated as logical units 
[29-31]. Modularity has been defined as the relationship between a product’s functional and 
physical structures such that: 1) there is a one-to-one or many-to-one correspondence between the 
functional and physical structures; and 2) unintended interactions between modules are minimised 
[19,32,33]. As a rather conventional definition of modularity, this definition can be updated by 
adding what more recent technological advancements (e.g. ICT and automation, etc.) have to offer 
throughout the design, manufacturing and assembly processes. Interestingly, [34] suggest that while 
direct impact of mass customisation on supplier quality integration is not significant, product 
modularity directly improves supplier quality integration [35]. 

4 (Mass) Customisation and Personalisation  
There has been a paradigm shift from mass production to mass customisation and thereafter into 
individual customisation or simply customisation [36], hence the choice of the novel combination 
(Mass) Customisation and personalisation or (M)CP in this paper. Customisation is known to be an 
element of personalisation and sets out to elucidate on how the different constituents of 



personalisation – customer interactions, analyses of customer data, customisation based on 
customer profiles and targeting of marketing activities – are linked [37,38]. For (M)C to materialise 
effectively, there is an array of requisites ranging from pure cultural, behavioural and management 
changes required to nurture the shift [39-44], to pure technological changes [40,41,43-49] whether 
in form of ICT support infrastructure or those directly applied to the manufacturing process.   

4.1 Challenges of customisation 
The increase in product variety – what it is particularly evident in the examples of Engineer-To-Order 
(ETO) companies – leads to an increase in complexity range. ETO companies create highly 
engineered complex product variants that are engineered to the specific requirements of a customer 
[50]. ETO variants are generally reflecting a particular highly individual customer requirements. 
Managing variety throughout the entire products supply chain is one of the major challenges in 
customising the products. Grouping similar variants into families is a fundamental enabler of 
designing, planning and producing variants efficiently [37]. Product families contain variants of the 
products and their parts, components and configurations [51,52] in order to better meet the diverse 
needs of today’s highly competitive global marketplace, to increase variety, shorten lead-times, and 
reduce costs [53,54]. One of the highly recommended solutions is configurators as specialised 
systems that support product customisation by describing how predefined entities (physical or non-
physical) and their properties (fixed or variable) can be combined [55,56]. Product configurators as 
an IT smart solution can help solve the challenges in product customisation in ETO strategies such as 
AEC industries.   

4.2 Product configuration: a smart IT solution 
Product configurators can be applied to support the decision-making processes in the sales and 
engineering phases of a product, where the most important decisions regarding product features 
and product costs are made [55]. Configurators enables companies to develop product alternatives 
to facilitate the sales and production processes [57] by incorporating information about product 
features, product structure, production processes, costs and prices [58]. This information is 
modelled in configurators during their implementation [58]. Automation of engineering processes is 
increasingly prevalent in multiple lifecycle phases such as design, manufacturing and service support 
[59]. The configurators receive the individual customer requirements, configure the product based 
on the defined solution space, perform the calculations and finally generate all the necessary 
outputs including proposals, bills of material/quantity, price calculation sheets and even 
CAD/technical drawings. Widely used in various industries, configurators can bring substantial 
benefits, such as shorter lead times for generating quotations, fewer errors, increased ability to 
meet customers’ requirements regarding product functionality, the use of fewer resources, 
optimised product designs, less routine work and improved on-time delivery [10,40,45,58,60]. 

4.3 Modularity in (M)CP 
Product family architecture is an established strategy in customisation [61,62]. Although harder to 
argue for its benefits for individual customisation and configuration, modularity is at the core for at 
least one of five fundamental strategies to achieve mass customisation. Nonetheless, Pine believes 
modularity is the pillar of mass customisation regardless of specific approach or strategy [63-65] 
regardless of the chosen strategy. At bare minimum level, modularity provides a means for 
standardisation of repetitive components. Six types of modularity have been introduced in 
customisation research literature [63,66,67], of which Bus Modularity and Sectional Modularity are 
the most advanced, the most flexible, and therefore probably the most difficult ones to achieve 
(Figure 1). Due to the level of complexity involved, these two strategies however, are most likely to 
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be applicable to (M)CP in the AEC industry; whereby modularity can be realised in its manufacturing 
sense rather than what was traditionally understood of modularisation in architecture [28]. 

 

 

 

 

 

 

Figure 1: Types of modularity [32,63]  

5 Building Information Modelling (BIM) 
A BIM is a digital representation of physical and functional characteristics of a facility. As such, it 
serves as a shared knowledge resource for information about a facility forming a reliable basis for 
decisions during its life cycle from inception onward. A basic premise of BIM is collaboration with 
different stakeholders at different phases of the life-cycle of a facility to insert, extract, update or 
modify information in the model to support and reflect the roles of stakeholders. The BIM model is a 
shared digital representation founded on open standards for interoperability [68]. 

5.1 BIM Advantages and Disadvantages 
The BIM has had an irreversible impact on the construction industry. It has offered some advantages 
without which construction industry was not able to respond to the level of project complexity, 
accuracy and timeliness as it does now. However, it has its own disadvantages as well. Eastman, et 
al. [3] outline 19 benefits in 4 different stages of construction process, of which the ones with some 
potential to benefit from customisation (building upon the product platform and configuration) are 
as follows: 

• Increased building performance and quality  
• Improved collaboration using integrated project delivery  
• Earlier collaboration of multiple design disciplines  
• Use of design model as basis for fabricated components  
• Better implementation of lean construction techniques  

A clear account of BIM advantages is provided by FMI/CMAA 2007 Eighth Annual Survey of Owners  
[69]. Those advantages which can be extrapolated to what customisation (with respect to product 
platform and configuration) can support include:  

• Broader strategic perspective and innovation 
• Easier to achieve process standardisation 
• More reliable compliance with specification and regulations 
• Improved communication and collaboration amongst project participants 
• Greater productivity from labour and assets 
• Decreased labour costs 

The same report also identifies some hurdles on the way of BIM implementation, of which those 
with some potential negative impact on customisation consist of: 

• Lack of industry standards 



• Greater system complexity 
• Different needs across stakeholders (which is the core concept of customisation) 
• Poor integration with existing systems 
• Unclear business value and ROI [return on investment]  

In the UK, although the general belief is that the UK Government Construction Strategy’s mandate of 
2011 for fully collaborative BIM Level 2 being utilised in all public projects by 2016 has not yet been 
fully materialised, the Digital Built Britain Strategic Plan for BIM Level 3 was published in February 
2015 and the NBS National BIM annual surveys show a continuous growth and a solid progress in 
BIM culture in the UK construction industry year on year since 2012. We will use the reported 
benefits and challenges mentioned above further to discuss the value of the current research in 
highlighting the benefits and overcoming the challenges. 

5.2 BIM as a Platform 
The research on both digital and non-digital forms of platform is not few and far between [70]. BIM 
has been researched as a generic platform as opposed to a mere tool or a broad environment to 
support an almost total overhaul of all activities traditionally performed in the AEC industry [3].  
BIM-server as a multi-disciplinary collaboration platform has been reviewed where it was suggested 
that it should not be limited to functional and operational requirements and should provide 
technical features to support information sharing, communication media, process management, 
exploration space, privacy and flexible system configuration [6]. BIM has also been studied where 
different associations of it with or as a platform has been attempted on; 1) in an integrated platform 
between FM (Facilities Management), BIM, BMS (Building Management System) for front-end sensor 
data visualisation [71]; or 2) with a planning and operations control software for automated 
construction developed to facilitate interoperability between the construction system and BIM as a 
platform [72]; or 3) where an ontological approach has been used to develop a freeware platform 
for accommodation and rapid development of BIM applications with reasoning support [73]. It has 
also been promoted as an IoT (Internet of Things) enabled platform for on-site assembly of 
prefabricated construction [74]. Nonetheless, BIM is a shared platform for creating, maintaining and 
reuse of information throughout the lifecycle of a building [75] which serves as a collaborative 
database for management of buildings throughout design, construction and post-occupancy phases 
[76]. This platform, has been utilised in different capacities sometimes with the main focus being 
outside the digital domain; for instance, in concrete reinforcement supply chain, where it has been 
evaluated in four areas of design and modelling; editing, updating and optimisation; interoperability; 
and project and construction management tools where improvements have been proposed [77]. It 
has been suggested that if “ [BIM (as a platform) is] coordinated, integrated, and preserved properly, 
[it] can be used to perform different multidimensional analyses to support various business 
operations, driving intelligent decision-making in the AEC projects” [77, p:1]. 

BIM, however, has not yet widely been used as an open-architecture platform specifically developed 
as a building product or component configurator. It is believed that the shift towards object-oriented 
CAD in the AEC industry has generated more interests in BIM [6] because of the potential capabilities 
that BIM has to offer. However, despite this positive tendency, it does not seem that product 
platform design (and the associated configuration processes) have been yet benefitted from 
operational research in the AEC industry as much as in the product design, industrial design or 
manufacturing industry. This gap in the knowledge is what this study aims to fill with a case 
specifically developed through serialisation of the flow of information to demonstrate BIM 
capabilities as a configurator and to investigate relations between industrialisation and 
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customisation; what can serve as a step towards full automated or AI-enabled approaches to and 
solutions in the AEC industry.    

6 Model Developmental Workflow  
This study uses a case-based analysis approach where a ‘universal model’ has been developed to 
fully demonstrate how BIM can facilitate (M)CP in the design, manufacturing and assembly 
processes of a building envelope system. By ‘universal model’, we mean that the proposed model 
can easily be rolled out and applied to any real-case scenario and is not bound by the limitations that 
one single case study might impose on the study’s knowledge claims. The following steps have been 
followed as a procedural workflow to develop the case study (Figure 2):     

• Creating the building structure and Tier 1 surface generator (The Platform) 
• Creating the Tier 2 parametrised panels (The Modules) 
• Creating the Façade Support System: Mullions and Support Frame (The Interface) 
• Assemblage  

 

 

 

 

 

 

 

 

Figure 2: Procedural workflow for development of the case study  

The development framework will be explained in details in the next section. 

7 Developing the Model 
An industry standard BIM application was utilised to develop a case-based analytical design typology 
so that it can accommodate variation requirements of a customisable curtain wall system. The 
systems theory was used as an underlying theoretical framework to help focus on the levels 
intended to be addressed in this study where: 1) the building was assumed as the ‘super-system’ 
that contains the façade system; 2) the façade was taken as the ‘system’; with 3) the façade 
materials and components at the ‘sub-system’ level. This study focuses on the sub-system levels, 
exclusively on how the structural supports and elements at this level (sub-system) connect the 
façade (system) to the building (super-system) (see Figure 3).    
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Figure 3: Possible scopes for applying (M)CP on a façade system and the focus of this study 

The system level variations of the form for a curtain wall façade are shown in Figure 4. This study will 
only focus on the non-planar façades as planar façades are relatively straight-forward and can be 
dealt with using much easier methods and solutions most of which are dated pre-BIM era. 
Therefore, the generative form of the façade as the host for the building façade for which the 
structural supports and connections will be addressed in this paper are single- or double-curved 
surfaces.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Variation of form at system level; façade form as the ‘host’ for sub-system level variables 

 
Figure 5 shows the scope and application of this phase of the study in more details.  

 

 

 

 

 

 

 

 

 



 

 

 

Figure 5: The conceptual development of layers, tiers, components and elements of the proposed façade 
system 

The primary super-structure is the building’s structural frame through which the façade system will 
be supported. Then, there would be a planar generative surface for indicative purposes only that 
shows the angles, vectors, directions and sizes which are used to form the main double-curved 
façade. A ‘Tier 1’ layer then will be shaped – as a form-generator – to host the support structure, the 
façade components, their elements and materials. ‘Tier 2’ will then be formed with the panelised 
system whose parameters include form, shape, size, distance, material, components, and elements 
as well as the numbers of similar or identical units. The support system (shown as mullions and 
spider joints in Figure 5) is needed to link up the ‘Tier 1’ layer (which hosts the façade and its 
associated components, elements and materials) to the building structural system. The support 
system is the main focus of this study. However, aiming to put the development process of this 
support system into context properly, a basic building and a basic façade system have also been 
developed to fully cover the issues which need to be taken into account when a customisable façade 
system is to be developed.  

7.1 Creating the building structure and Tier 1 surface generator (The Platform) 
A conceptual mass made of flat panels will be constructed of two splines fixed at the upper and 
lower levels with set centre point as half width (Figure 6a). This will serve as the building structure. A 
curve will then be created as the Tier 1 surface generator to host the façade. Each part of the curve 
is made of a spline created through three points to provide proportionate degree of freedom to 
accommodate the form variations associated with a double-curved surface. Each point is generated 
by parameters for offset from the flat panel and mid-point offset. The mid-point height needs to be 
configurable by an independent parameter (Figure 6b). 

 

 

 

 

 

 

Figure 6: a. Conceptual mass made of two flat panels, and b. Tier 1 surface-generator as a host for double-
curved façade system 



Figure 7: a. Double-curved surface divided into a grid structure, and b. Parameters are assigned to both 
panels (planer and double-curved) for connecting them together using the support system 

At next step, the surface needs to be set up, so that it can accommodate the parametrised 
components. The double-curved surface created in the previous step, is now divided and a grid 
number is set as a parameter of grid in two different X and Y axes directions. The nodes on each 
corner of each surface can be seen in Figure 7a. At the next step, basic parametric properties will be 
added to the grid spacing by setting the grid values to family type parameters for both panels (Figure 
7b).  

This will provide the opportunity to assign different parameters to those individual elements and 
also to link the building structural system to the façade support structure at a later stage. 

7.2 Creating the Tier 2 parametrised panels (The Modules)  
To create the parametrised panel, a new generic model using an adaptive family was created with 
four non-associated adaptive points (Figure 8a) where the points were joined with a model spline 
(Figure 8b). 

 

 

 

 

Figure 8: a. Four non-associated adaptive points are created and used for, b. Creating the base for the 
parametrised façade panel using four model splines 

Then two masses will be generated on top of each other, using the 4 splines created before (Figure 
9a) with the top dimension defined as the ‘panel thickness’ and the bottom dimension as ‘panel 
offset’. The panel material will be configured as a family parameter of material (Figure 9b). 

 

 

 

 

 

Figure 9: a. Two stacked-up masses created, b. dimensions and parameters are set and defined 



7.3 Creating the Façade Support System: Mullions and Support Frame (The Interface) 
Mullions were created using a new generic model and set as an adaptive family. A circle was created 
on the base plane whose centre offset and radius were parametrised to accommodate different 
sizes and lengths. To create a support frame, individual support arms were developed using a new 
adaptive component generated with two non-associated adaptive points (Figure 10a), and joined 
with a reference spline. It was then loaded into the profile as a new family host copied to both 
points, where the form would be created (Figure 10b). 

 

 

  

 

Figure 10: a. Two non-associated adaptive points were used to, b. Create the basic form for the structural 
support frame 

7.4 Assemblage  
The following steps explain the assembly process of the designed customisable façade system. The 
created panel will be placed on one corner of the mass (Figure 11a) and repeated to fill the mass in 
(Figure 11b). The parametric functions associated with the panel will automatically size and place it 
on the mesh uniquely sizes/shaped grids. 

 

 

 

 

 

 

 

Figure 11: a. The façade panel is placed on the corner of the Tier1 surface-generator, b. It will be repeated to 
parametrically fit the different angles and sizes of each mesh grid 

The same process will then be repeated for both support systems required (Figure 12).  

 

 

 

 

 

 

 



 

Figure 12: The façade support system for a fully customisable curtain wall façade 

Nonetheless, this may be deemed over-design due to the number and repetition pattern of the 
support arms for the façade support structure. To address this issue, the number of individual 
support arms may be reduced to one consolidated support structure that can be connected to the 
main structure using less frequent support arms.  

The proposed solution has several practical applications for establishing a fully customisable façade 
system due to its high flexibility which enhances its capability to accommodate variations in size, 
angle and direction. Hence, it can offer a fully off-site solution to what has otherwise been done 
manually (see Figure 13). Jakob-Kaiser-Haus, Bundestag, Berlin, is an indicative real case example of 
how this proposed model could have been utilised in, and applied to, a live project to potentially 
offer a wider choice in design, better information flow management, easier, faster and cheaper 
design, manufacturing, and assembly processes through enhancement of collaborative working 
processes facilitated by the proposed configuration platform.        

 

 

 

 

 

 

Figure 13: Jakob-Kaiser-Haus, Bundestag, Berlin  

8 Discussion of Findings  
The contribution of this research project consists of two distinct parts: 1) the development of the 
case model, and 2) the internal evaluation of the model and how it can respond to the challenges 
facing BIM in the construction industry. The development of the model was explained in section 7. 
This section particularly discusses how the proposed model can potentially facilitate better 
implementation and wider uptake of off-site construction with reference to BIM challenges.  

The proposed model was reviewed within the research team and assessed internally against the 
perceived benefits of, and challenges facing, BIM in the AEC industry as reported in the literature. A 
likelihood matrix was devised so that all those benefits and challenges the proposed model may 
bring up can be assessed accordingly. In addition, the ways in which the proposed model may help 
tackle those challenges or improve those benefits were discussed. The likelihood and the ways in 
which both challenges and benefits may be affected by this proposed model as a configuration 
platform have been presented in separate tables. The benefits and challenges are aligned with 
literature; benefits such as increased building performance and quality, improved collaboration, 
earlier collaboration of multiple design disciplines (Design stage), better implementation of lean 
construction techniques (construction and fabrication), broader strategic perspective and 
innovation; and challenges including lack of industry standards and poor integration with existing 
systems, to name but a few. Comprehensive list of challenges associated with BIM which are likely to 
be addressed by the proposed platform is provided in table 1. 

Table 1: Industry challenges associated with BIM and how the proposed model may help in overcoming these hurdles  



Specific industry challenges 
with respect to BIM 

Use of the model facilitates overcoming of BIM challenges 

Likelihood of 
model helping 

tackle this 
challenge  

How the model may help? 

Lack of industry standards Highly Likely  This challenge will be addressed to a great extent by modularising the 
product portfolio. This will potentially contribute to BIM 
standardisation, with some prospects to feed into Industry Foundation 
Classes (IFC) and Construction Operations Building Information 
Exchange (COBie) by means of visualisation of such standards in form 
of a virtual product with ready-to-produce capabilities as and when 
required  

Greater system complexity 
 

Highly Likely  To determine a proper scope before initiating the project and also 
modularising the product portfolio itself which will help significantly to 
reduce uncertainty and subsequently bring down the level of 
complexity. 
The systems theory underpinning the proposed model will provide a 
great opportunity to break down complex multi-component façades 
to their constituent components. This will contribute to address and 
break down the complexity inherent in some advanced façade 
systems into smaller sub-components with lower degrees of 
complexity involved.    

Different needs across 
stakeholders  

Likely  During scoping process of the project and standardisation of the 
product, the stakeholders’ views, priorities and requirements are 
aligned at the core of this multi-disciplined project. Configurability 
requires an improved alignment of all requirements and constraints 
across organisation. 
The systemic approach to platform design and configuration concept 
sets the boundaries out quite clearly and helps different stakeholders 
with diverse range of expertise, skills and experience understand how 
and where they can expect their unique design intents or building 
performance requirements to be fulfilled, by which means and to 
what extents.    

Poor integration with 
existing systems 

Highly Likely The model requires high level of details at components and assembly 
levels. This, combined with a flexible and customisable interface 
system, should reduce the risk of lack of integration between the 
proposed solutions with existing systems. 
This challenge seems to have been attempted on early on when BIM 
was introduced but so far very little progress has been made in this 
regard. The systemic approach underpinning the proposed platform 
design and configuration system in this study will resolve some of 
problems with poor integration by promoting standardisation and IT 
platform connectivity.      

Unclear business value and 
ROI [return on investment] 

Somewhat 
Likely  

The proposed model may be perceived costly to begin with. However, 
with a pure approach inspired by the ones established in 
manufacturing industries, the man-hours (added and saved as a result 
of introduction of this new model solution) should be easily calculated 
and demonstrated that ROI is viable and worth adopting this model. 
Although BIM has already been introduced to the AEC industry for 
good few years, it is yet expected to achieve its full potentials subject 
to readiness in the industry. The industry seems to be ready to 
embrace BIM practical benefits. If BIM is deployed to facilitate 
configuration for promoting customisation in the AEC industry, some 
such practical benefits will materialise and help its wider acceptance. 
By calculating only the saved man-hours still a great business case can 
be made to attract attention from the management and client teams. 
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The complete list of advantages of BIM in the AEC industry were reported and extrapolated with 
customisation, product platform and configuration in the literature review of this study. They are 
evaluated for the likelihood of their contribution in gaining potential benefits and the ways in which 
such benefits may materialise in table 2.  

Table 2: BIM advantages and how the proposed model may help gain the potential benefits 



BIM Advantages and 
Benefits  

Use of the model increases the benefits and advantages of BIM  

Likelihood of 
model helping 
improve the 
advantages 
and benefits 

How the model may help? 

Increased building 
performance and quality  

Highly Likely By developing a schematic model prior to generating a detailed 
building model to evaluate the compliance with building performance 
and sustainability requirements. 
Standardisation of products and components for proposed 
configurable model will provide improved post-occupancy 
maintenance and repair procedures, possibilities to replace 
components with higher-spec ones as and when they are required 
and available. Accordingly, the configurators limit the solution space 
of customisability and limit the manufacturers to the available 
product platforms which has a positive impact on the maintenance 
and replacement of different components. This will increase the 
building service life, improve its performance monitoring and control 
and enhances the overall quality of indoor environment while 
reducing its environmental impact.     

Improved collaboration 
using integrated project 
delivery  

Not Likely Although the proposed model provides a platform that enhances the 
collaboration, this is not likely to be through improved use of 
integrated project delivery (IPD). As the common response of the AEC 
industry to the IPD still needs major work to be improved, thereby its 
uptake can be improved.  
However, the systemic structure underlying the proposed platform 
will make the project (in this case the building façade) much easier to 
convey, comprehend and link to, for multi-partite cliental of the 
project and is expected to indirectly enhance collaboration (even 
though it is not necessarily through IPD as an exclusive project 
delivery route).   

Earlier collaboration of 
multiple design disciplines  

Likely The proposed model provides a visualised platform with a user-
friendly and easy-to-use GUI where different design disciplines would 
be able to work in collaboration, more closely with each other and 
starting earlier in the process.   
In addition to the visualisation capabilities inherent in the proposed 
BIM model, high standardisation associated with its configuration 
platform will help to present: 1) the final product as well as 2) its 
design, 3) production, and 4) assembly processes in a simple, clear 
and accessible manner. This allows for configurability and access by 
different stakeholders to different sub-components and at different 
design, production and assembly stages, which in return reduces 
conflict of interest and facilitates division of tasks thereby enhancing 
collaboration.  

Use of design model as 
basis for fabricated 
components  

Highly Likely By embedding the design into BIM as the lifecycle process 
management tool, the links through a BIM-server to the automated 
advanced fabrication process will be facilitated.  
Furthermore, BIM as a lifecycle information management hub will 
facilitate fabrication process, re-production of damaged components 
or the ones in need of performance improvement with similar 
geometrical specifications but different and/or improved aesthetics 
or performance requirements.   

Better implementation of 
lean construction 
techniques  

Likely Improving the process and product efficiency, this model will provide 
an interactive real-time monitoring tool to reduce material and non-
material wastes and an effective tool for continuous improvement.  
Moreover, at an upper level, this model can facilitate building a 
repository of configurable components for a fully customisable 
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9 Concluding comments and future research 
Mass customisation and personalisation [(M)CP] are established customer-centric strategies in 
service and manufacturing industries. Despite the fact that the AEC industry is now past mass 

façade; a library which will be fed into and grow over time and reduce 
the need for designing similar elements from scratch. Knowledge, skill 
and expertise accumulation will reduce the need for rework, problem 
solving, snagging, ratification and will reduce the hand-over time and 
problems during post-occupancy periods.     

Broader strategic 
perspective and innovation 

Likely  Modularising the product profile will help materialising all the 
benefits of one product strand and helps gestate new innovative 
product profiles which can meet more demanding requirements and 
higher standards. 
Using the principles of platform deign, the model proposed in this 
study also lays down the foundations for a better, more-improved 
system. Additionally, repetitive problems can be avoided and the 
time usually spent on rectifying such problems can be spent on 
strategic innovation in design, implementation, and development of 
the system and application of advanced and emerging materials.     

Easier to achieve process 
standardisation 

Highly Likely Benefits associated with standardisation have already started 
materialising through component libraries provided by material 
providers and component vendors. This open-source platform helps 
materialise those benefits even further by providing access to 
material and system suppliers to act as system developers to adopt 
and adapt and add to, extend and/or amend the generic platform 
further to best accommodate their unique products. This will be 
facilitated using the principles of co-design, co-creation and co-
development.   

More reliable compliance 
with specification and 
regulations 

N/A As discussed in the Research Design and Methodology, it is assumed 
that the products of this platform meet the minimum requirements 
of ones produced through conventional methods. 

Improved communication 
and collaboration amongst 
project participants 

N/A Although there are clear offerings for better, more effective and 
more in-time communication through improved collaborative 
processes using this platform, this is not the main focus of this paper. 
Moreover, the collaboration will be efficient as the waiting times will 
be reduced and unproductive meetings will be avoided due to the 
automation. 

Greater productivity from 
labour and assets 

Highly Likely Providing a higher opportunity to bring the production, assembly and 
construction problems back to the drawing board, this platform 
offers an outstanding opportunity to reduce failure and waste and 
increase lean productivity for both labour and assets. 
Knowledge share, expertise exchange, task assignment and skill 
accumulation facilitated through the proposed platform will reduce 
lead time, time needed for rework, repair and trouble-shooting, and 
in return reduces the amount of waste in project time, human 
resources and materials.   

Decreased labour costs Likely By providing a full product profile, the overall cost associated with 
the production of the façade systems will be reduced. The lead-time 
and design costs may increase but these will be negligible compared 
to savings in labour cost and time later in the process, due to 
economies of scale benefits offered through customisation of the 
mass-produced platforms into final personalised products. 
Division of labour into the common labour needed to produced 
common-shared platform and the specialised labour needed for 
production, handling, transportation and assembly of fully 
customised elements will make the construct of the labour involved 
much clearer, more manageable, and last but not least more 
affordable.    
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production of spaces and places era, it has not yet fully adopted (M)CP strategies. This is due to 
several reasons such as the nature of the AEC industry, fragmentation in its supply chain, distinct 
supply-demand equilibrium, structure of push/pull mechanism, resistance to change in the industry, 
lack of pressing need to adopt cutting-edge technologies and new materials, as well as availability 
and affordability of advanced ICT, fabrication, and assembly technologies, to name but a few. 
Another rather important but less researched underlying reason is the way in which modularity has 
conventionally been perceived and developed in the AEC industry. In the past two decades, a shift 
has started to look at the building drawings and models above and beyond traditional construction 
documentation. BIM has had a crucial role in this reconsideration and has started to transform the 
ways in which buildings are conceived, designed, constructed, delivered, operated, managed, 
maintained, refurbished, deconstructed and recycled. BIM has manifold benefits not only as a 
software package or an application, but as a tool, a platform and an environment which promises 
culture change in the AEC industry. BIM, as a platform, is of exclusive importance to this study 
because of two main reasons. Firstly, it provides an affordable ICT infrastructure required if any 
major advancement is to be made in the AEC industry; and secondly, because as a platform it offers 
an opportunity to re-read and facilitates a new understanding of the notions of module and 
modularity, product architecture and platform design in the AEC industry. Literature on BIM, product 
platform and configuration, and (M)CP with special reference to specific aspects pertaining to 
modularity were reviewed to find connexions and overlaps which can facilitate or be facilitated by 
one another.  

A case study was prototyped at the first stage of this research as a generic host with potentials to 
accommodate a fully customisable curtain wall façade system, using a systemic construct (based on 
Systems Theory). This was utilised to demonstrate the capabilities this system made promises to 
offer. To do so, one of the possible variations of such fully customisable curtain wall façade system 
was developed and tested with an emphasis on how the connections/joints between the platform 
and modular units can be managed. As per the systemic approach developed for this study, current 
paper focuses on the sub-system level joint components, which connect the system level façade to 
super-system building structures. This study shows that the initial host developed has capacities to 
be further developed beyond just a conceptual platform to actually accommodate real façade 
support system, façade panelised system with all its associated elements, components and materials 
as well as the connections as the façade support system. The principles of the developed support 
system is one of the many possible options and can further be developed into other alternatives 
through optimisation of the support elements, their sizes, their details and their connection types 
according to the building’s structural system, the façade size, geometry and form as well as the 
variation in materials, connections and openings.  

This paper contributes to advancing what was promised as one of the future developments in an 
earlier publication which addressed earlier stages of this research by: 

• Devising an open-access non-proprietary platform which can be adopted and adapted by 
several users in different stakeholder groups either as common tool for developing design, 
manufacturing and assembly stages of a single project by a multi-partite project team or as a 
common tool to develop a single product or component by a number of stakeholders at the 
same level and with the same interest and expertise e.g. material or product suppliers 
and/or building, support or façade system providers;   

• Demonstrating how such an open platform can be adopted and adapted using a case 
example. 



• Internally and critically evaluate the system and assess it against the perceived benefits of 
BIM as a digital platform (which has been used to develop this production platform) and the 
challenges BIM is understood to be faced with in the AEC industry; 

• Laying down the foundations for a fully automated approach to construction processes (with 
special reference to production process of systemised building façades);  

• Facilitating and promoting the uptake of BIM by applying it to real-case scenarios with 
tangible benefits; 

• Promoting multi-disciplinarity in AEC research by bridging the gap in BIM application and 
utilising it to facilitate (M)CP of full parametric configurable façades.   

This study also contributes to future research at sub-system level by: 

• Introducing variation of materials for façade panels;  
• Introducing alternative façade support structures; 
• Accommodating the joints and connections between those materials and the framing 

supports in the façade panels; 
• Offering opportunities for façade elements/components to accommodate Integrated Façade 

Systems (IFS) e.g. PV integrated shading devices, etc. where and when deemed required; 
• Offering interchangeable kinetic façade elements/components. 

It can also contribute to future research at system level by: 

• Introducing substitute façade host to accommodate alternative façade support systems;  
• Establishing new façade system to enable accommodating Integrated Façade Systems (IFS); 
• Devising an alternative façade platform for kinematic modules;  
• Introducing a new customisable façade system for adding Double Skin Façades (DSF) in 

refurbishment projects.   

At super-system level, further research can address: 

• The variation of structural systems and how the façade system can be integrated with them; 
• The relative location of the curtain wall system to the structural system (or the DSF to the 

existing façade); 
• The prefabricated/off-site connections between the façade support system and the 

structural system (with special reference to cold-bridging, heat and noise transfer, 
maintenance, lateral loads, etc.). 

Furthermore, at service level, future research will also need to address: 

• Automation in production and assembly of customisable curtain wall system; 
• Investigations into interfaces with, and links to XML/HTML files and/or SQL databases and/or 

spread-sheets/data-sheets to create a web-based or standalone application with an easy-to-
use and user-friendly GUI for mass customisation of façades; 

• The application of AR/VR in improvement of the customer experience and also to assist with 
two previous areas. 

Another area for future research will be the links between Level of Detail (LoD) and Level of 
Information (LoI) with the proposed configuration platform to further investigate if such links can be 
established, then what LoD and LoI levels will be required at different stages of design, 
manufacturing and assembly of the proposed façade system using this product configuration 
platform.   



BIM has a vast array of capacities to be exploited. If it is comprehended and applied accordingly, it 
can prove to be instrumental not only as a new technology but as a major driver for a fundamental 
culture change in the AEC industry. One of such avenues for change is what BIM can offer – as a 
configuration platform – to enable a real-time (M)CP strategy in the AEC industry. This can and will 
introduce a major paradigm shift in the entire industry where the production process can massively 
move on to benefitting from precision, timeliness, improved quality, automated and unmanned 
production, fabrication, construction and assembly processes, agility, Lean Construction, JIT (Just-in-
Time), BTO (Build-to-Order), MTO (Made-to-Order), ETO (Engineer-to-Order), co-creation of design, 
knowledge and values. It will promise to revolutionise the common and conventional ways in which 
buildings are currently conceived, specified, constructed and operated to new ways and alternative 
solutions by which they can be ordered, fabricated and assembled. Furthermore and more 
importantly this will transform the ways in which buildings perform, are maintained, run, 
refurbished – throughout their lifecycle – and then – at the end of their service life – are 
decommissioned, disassembled and recycled.   

It is worth mentioning that this study has its own boundaries and to some certain extents its own 
limits like any other study. The proposed method in the production process of a (customisable) 
façade system is assumed to utilise all the similar design intents, deliver to the same constructability 
principles and meet all the standards, codes, and legislations as well as performance requirements at 
least at, if not exceeding, the levels that are expected from a similar building 
product/component/element produced using conventional methods. Needless to say that technical, 
legal and liability issues, building performance, building codes, standards and legislations associated 
with the case of this study, are all issues which can further be scrutinised as the future studies and 
with a particular emphasis on BIM or configuration platforms or both. However, this study does not 
intend to cover all those pertaining aspects or arising issues as a result of this proposed platform. 
Those areas, although totally valid and worth investigating, are more realistically likely to be 
scrutinised in enough depth in a series of independent but interrelated follow-on studies on and 
around the proposed solution in this study.        
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