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Abstract. Since the 1960s, the relationship between design, manufac-
turing and construction has been identified as a key factor for the de-
livery of buildings and for the facilitation of technological innovation. 
It is often argued that innovation in architecture contributes to im-
prove the built environment, socially, technologically, economically 
and even aesthetically. The significance of innovation in construction 
has often been established along these lines. Knowledge on the pro-
cesses of implementation of innovation and of the subsequent dynam-
ics of interactions in the industry is instead limited and more demand-
ing to investigate and to unravel. This paper aims to contribute to the 
reduction of this gap by questioning the ability and the effectiveness 
of architectural design decisions to trigger changes in the construction 
industry. By comparison and by contrast, the impact of the implemen-
tation of envelope detailing on the delivery of three multi-layered 
iconic facades recently completed in Australia has been investigated. 
Architectural design can serve as a stimulus for change in manufactur-
ing, production and in the construction process. However this stimulus 
depends on the level of engagement of the designers with the detailed 
outcome of their projects. The procurement method and the ad-hoc 
contractual dynamics established in the project team and with other 
subcontractors are also paramount.  

Keywords. Innovation, Design, Construction and Manufacturing Pro-
cess, Technology, Facade Design, Detailing 

1. Introduction  

There is a recurring theme in the research on construction innovation which 
suggests that when a relationship between architectural design and new 
models of construction and/or manufacturing is established then the oppor-
tunities to deliver successful buildings may also be accompanied by the crea-
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tion of new paths of diffusion for innovation. According to Pearce (2003) 
this mechanism can contribute also by bringing wider benefits by accommo-
dating social changes, improving life quality, technical efficiency and aes-
thetics. Moreover, fostering innovation has been considered a generator of 
economic benefits for the building industry at large. Innovation, it is 
claimed, can generate economic links on multiple levels: firstly with the ac-
tivities carried out around a specific building project, secondly with other in-
dustries related or connected to these activities, and thirdly with the econom-
ic environment in the long-term (Pearce 2003, Turin 1980). While these 
studies focus on the public, economic and cultural significance of construc-
tion innovation, those which have done a punctual analysis on the processes 
of implementation of innovation in a specific industry type or region are in-
stead more limited. In the past, this methodological approach has been fol-
lowed by Bowley (1966) and Slaughter (1993). The former has analysed 
specifically the response and the resistance to change in the British building 
industry and the latter has established instead a general model of implemen-
tation for innovation in construction. 

Bowley (1966) observed reasons and factors that allowed changes in the 
British industrial building context over the 20th Century, and suggested that 
many changes happened as ersatz innovation rather than through active 
strategies of innovative implementation. 

Slaughter (1993), grounding the investigation on theories of economy and 
management, has proposed five models of implementation of innovation (in-
cremental, modular, architectural, system, and radical innovation) related to 
the degree of possible change, and aimed to serve as guidelines for compa-
nies that are willing to implement innovative activities.  

This paper offers a contribution in line with these last types of studies by 
questioning the role of architectural design as a stimulus for changes in 
manufacturing, production and construction in relation to the contemporary 
Australian context. The aim is to gather knowledge from specific case stud-
ies and to highlight factors and dynamics which may support the implemen-
tation of innovation in construction. 

2. Aim, objectives, methodology and methods  

The theoretical approach, at the backbone of this paper is that design can be 
considered as a problem-defining, problem-solving and information-
structuring activity, which is based on the understanding of a set of rules and 
conditions. (Tombesi 2010, Nigra 2010). This theory defines a number of 
major areas of the building delivery supply chain, the relationships between 
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these areas, and it highlights the technical and the project management inter-
connections.   

 
Figure 1: Supply Chain analytical areas and relationship (Tombesi 2008) 

Building on this theory, the relationship between the area of design and 
building production (choice of building construction systems, procedures 
and fabrication) is considered also with building erection (site design, as-
sembly and testing). In particular, the relationship with the architectural de-
sign input has been questioned here in order to identify innovative outcomes 
and the changes to the dynamics of the delivery of complex building enve-
lopes. This relationship is explored by defining a number of design variables 
(colour, number, material, construction system, dimension, and geome-
try/form) and by identifying if the specific characteristics of these variables 
have determined any changes in the areas of the supply chain of building 
production and erection.  
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Figure 2: Areas of investigation as focus of this work within the graph of the chain analytical 

areas and relationship 

 
This framework has been tested by analysing the design and the delivery 

of the façade systems and the components of three recent institutional Aus-
tralian buildings: 

• RMIT Design Hub in Melbourne; Architects: Sean Godsell Architects in col-
laboration with Peddle Thorp; General contractors: Brookfield Multiplex 
Australia; Façade contractor and engineering: Permasteelisa Pty Ltd. 

• UTS Faculty of Engineering and Information Technology (FEIT) Broadway 
Building at the University of Technology in Sydney (UTS); Architects: Den-
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ton Corker and Marshall; Façade consultants: Aurecon; General contractor: 
Lend Lease; Façade contractor and engineering: Gjames. 

• RMIT Swanston Academic Building (SAB) in Melbourne; Architects: Lyons 
Architecture; General contractor: Brookfield Multiplex; Façade contractor 
and engineering: Permasteelisa Pty Ltd. 

The implications on the delivery process of the key components of the fa-
çades of these buildings have been analysed by exploring the design intent, 
the extent of customised requirements and subsequently the changes in pro-
duction, manufacturing and/or construction necessary to comply with the de-
sign. The information gathered for this paper relied on direct site investiga-
tions, visits to manufacturing plants, review of existing publications and 
interviews with the key personnel in team structure: the project manager 
(case study 1 and 3), the façade contractor (case study 2) and the architect 
(case study 3).   
 

   
Figure 3a (left) – 3b (middle) – 3c (right): RMIT Design Hub, Melbourne; UTS Broadway 

Building, Sydney; RMIT SAB, Melbourne (Photos by Marianna Nigra) 

3. The case study of three facades  

The façades of the three buildings selected display a number of bespoke de-
sign features to meet and to strengthen an iconic gesture set at concept de-
sign stage.  

The RMIT Design Hub facade (case study 1, Figure 3a) displays an ex-
ternal skin system made of pivoting frosted glass disks which are framed by 
circular galvanised steel plates. The detail of the glass disks is repeated re-
lentlessly to create a wrap-around skin of glass which defines a contained 
but vivid texture. Part of the façade is operable by allowing the glass disks to 
pivot on their vertical axis by being controlled by an automatic management 
system.  
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The outer façade layer of the UTS FEIT Building (case study 2, Figure 
3b) is composed of anodised aluminium sheets textured by a combination of 
large cuts and smaller punch-like perforated areas. The screen is tilted and 
curved in several locations to open in the guise of ‘gills’ to augment the pen-
etration of natural light behind it. The screen is generally supported by an 
inner unitised curtain wall system and by an auxiliary system of cantilevered 
steel members at the corners, at the base and at the parapet of the building. 
The screen was referred in the project as the ‘Binary Screen’. Its perforation 
follows a graphic pattern determined by converting a sequence of 0 and 1 
digits obtained by translating the name of the building into a binary code se-
quence.  

The RMIT SAB façade (case study 3, Figure 3c) is composed of a system 
of triangular elements finished in anodised aluminium, used both as shading 
and as an infill component. The fragmentation of the façade into triangular 
elements and the polychromatic finish was driven by the architect’s decision 
to ‘pixelate’ the chromatic qualities of the adjoining buildings and to transfer 
these to the facades as an attempt to establish a contextual relationship be-
tween the new building and its pre-existing surroundings. 

The delivery of the RMIT Design Hub building façade called for a high 
degree of customisation due to the shape of the individual glass panels of the 
external façade; the shape and the finishing of the galvanised elements that 
host the glass elements; as well as in the design of the connections between 
disks, and the components which allow their movement. This level of cus-
tomisation has influenced the product engineering process, the place of pro-
duction, and the assembly process. Due to economies of scale, most of the 
components were produced overseas, and then shipped for assembly and 
erected on site in Melbourne, after being engineered ad-hoc for the project. 
The most substantial impact for the design of these façade components was 
therefore concerned with the area of component production, product engi-
neering and assembly.  
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Figure 4a (left) – 4b (right): Detail of RMIT Design HUB façade; Graph of the relationship 
between design solutions and changes triggered in the delivery process of the façade of the 

Design HUB building (Photo by Marianna Nigra) 

The UTS building in Sydney required an extreme level of customisation 
for the ‘Binary Screen’, in regards to its pattern making, the quality of the 
anodised finish and the interface of the screen with the curtain wall. The 
complex geometry of the screen imposed unique engineering and fabrication 
challenges, particularly for the curved panels forming the ‘gills’. The tight 
dimensional control dictated by the architects, in the context of a traditional 
lump sum contract, resulted in a meticulous exercise of dimensional control 
of the screen outriggers and of the vertical and the horizontal joints between 
the panels. The external panels of the screen required a rigorous quality con-
trol of the anodised finish established on a custom colour of a suitable level 
of reflectivity and chromatic tone. The specific custom colour requirements 
and the complexity and the variability of the pattern induced the façade con-
tractor, despite its pre-existing capacity to handle anodising and complex 
perforations for large projects, to outsource these components of the delivery 
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to other subcontractors interstate and overseas. The material of the panels 
had to be sourced from a single batch from a single producer overseas in or-
der to guarantee an adequate colour consistency of the finished product. The 
façade contractor remained responsible for the engineering and the delivery 
of the project, the assemblage of components, testing and fabrication of all 
the framing members, including the mullions curved to follow a sinusoid 
curve. The impact of these features brought substantial changes in the supply 
chain of product, the installation, production line organisation and manage-
ment, product assembly, material specification and production location. Due 
to the structural complexity derived by the geometry of the screen the deliv-
ery of this façade impacted also significantly on the curtain wall production 
line and on the engineering and the testing of its components. 

  
Figure 5a – 5b. Detail of UTS Broadway Building façade; Graph of the relationship between 

design solutions and changes triggered in the delivery process of the façade of the UTS 
Broadway Building (Photo by Marianna Nigra) 

The delivery of the façade of the RMIT SAB building in Melbourne trig-
gered the introduction of changes in the development of new colours in the 
anodising process, and in performance design of the shading system in place 
in certain areas of the façade. The product testing and the product design had 
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some degree of customisation, which triggered the need of new design com-
ponents. The shape and the form of the façade components and of its struc-
tural and construction system did not generate a major impact on the deliv-
ery process. Besides some exceptions regarding a number of corner 
mullions, the envelope of RMIT SAB was conceived by the architects with a 
deliberate intent to not prohibit an outcome of economic constructability. 
This approach therefore did not force a path of innovation by design and it 
did not impact significantly on the standard supply chain. 

  
Figure 6a – 6b. Detail of the RMIT SAB Building façade; Graph of the relationship between 

design solutions and changes triggered in the delivery process of the façade of the RMIT 
Building façade (Photo by Marianna Nigra) 

4. Discussion and significance 

The three case studies discussed suggest that different design variables and 
characteristics of the building envelope can trigger changes of different im-
pact in the supply chain.  

Design variables such as colours, number of components, and material 
specifications do not seem to impact substantially the production or the erec-
tion procedures. As one-off events they are often unlikely to be repeated on 
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other projects and they are more prone to generate new dynamics of delivery 
and to induce local manufacturer to outsource and sub-contract rather than to 
implement their existing production capacity. In one instance analysed here, 
however, the architectural design requirement for a custom anodised colour 
had a significant impact in the supply chain by creating a requirement to in-
troduce an additional level of sub-contracting and a further element of geo-
graphical dislocation of the production process. 

A greater impact on the supply chain may seem to be expected instead by 
design variables such as components dimensions, shapes/forms, and con-
struction systems and methods of fabrication such as highly bespoke meth-
ods of perforation. The introduction of these variables could trigger in prin-
ciple the need to introduce changes in the materials availability and sourcing 
process, production lines, equipment, facilities, logistic aspects, construction 
sequences and techniques. However the more likely outcome in the Australi-
an building industry, as the three case studies investigated here suggest, 
seems a preference to bypass in-house implementation and to seek elsewhere 
partners capable of delivering components to meet the complexity of the de-
sign.  

During a site visit to a manufacturing plant, the subcontractor suggested 
that despite the extra-ordinary complexity of the geometry and the high level 
of variation in sizes and types of façade components, this did not pose a sig-
nificant challenge in order to be done with existing CNC manufacturing 
equipment. More relevant challenges seemed to derive instead from availa-
bility of custom finishes and due to complex quality control procedures and 
transport during the manufacturing phase. 

Notwithstanding these limitations, specialist façade contractors in Aus-
tralia remain generally directly responsible for a significant component of 
research and development which requires to be applied for any highly be-
spoke project at least in terms of general management of the logistics with 
sub-contractors, engineering, testing and installation and the direct engage-
ment in collaboration with the designers and the general contractor.  

The variables related to the construction system used in complex facades, 
seem to have a greater impact in the product engineering and in the relation 
between components to the extent that extra customisation or the introduc-
tion of secondary components may be required, imparting effects also to cost 
and lead-time.  

Another outcome of this investigation suggests that interest in the de-
tailed outcome of architectural design is still underpinned by an in depth un-
derstanding of critical technical choices regarding the contractual delivery of 
buildings and the supply chain of building products and components. The 
importance of the engagement of the designer into the logics of production 
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and assembly emerged in particular in the case of the UTS Broadway Build-
ing where the convergence of morphological complexity and the designer’s 
willingness to engage in detailed elements of the envelope has induced the 
specialist sub-contractor to seek solutions outside its already self-sufficient 
production capacity. 

A similar understanding of this latter aspect of making emerged also in 
the case of the RMIT Design Hub building, although in combination with a 
highly bespoke but more repetitive and less geometrically challenging solu-
tion.  

5. Conclusions   

Architectural design maintains its role as a trigger for changes in the supply 
chain of building delivery and as a relevant factor for technological innova-
tion.  Changes seem to happen more substantially in relation to the level of 
engagement of the designer with the detailed methods of assembly and of 
rigorous geometric control.  

This paper offers a contribution in line with other studies which seek to 
understand the mechanics of implementation of innovation and their impact 
in the construction industry. It suggests that in Australia pre-determined de-
sign characteristics such as form, finish and textural patterns of building en-
velopes can generate significant changes in the supply chain, despite the cen-
tral procurement role of specialist façade contractors. Understanding the 
mechanism of this relationship may assist and support the building indus-
try’s stakeholders in the management of innovation.  

Specifically, in relation to façade contracting in Australia, the case stud-
ies analysed suggest that further investigation on the economic dynamics of 
geographic dislocation of manufacturing of complex building envelopes and 
on the effects on the delivery arising from different methods of procurement 
is required. 
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