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I. Iterative Design and Performance Analysis of Responsive Building Skins; Exploring 
Advanced Parametric / Logic Based Modeling Workflows 

II.A The Context 

Responsive building skins are by no means a modern invention. Building facades throughout history have 
been designed to respond appropriately to environmental, social and functional conditions among other 
considerations. Hot, humid climates will often produce architecture characterized by large openings to 
maximize breezes while hot, arid climates tend to result in high density solid exterior surfaces that can 
absorb heat. Overhangs are frequently used to shade glazing with southern exposure while vertical fins 
are a common response to reduce heat gain and glare from low angle western light. Such responses are 
so fundamental in architectural design that they are easily overlooked as antecedents to the systems we 
propose to study.  

Traditional methods of cladding and enclosing structures responsively tend to produce uniformly 
articulated facades that vary based on orientation and climate. By contrast, an emerging paradigm for 
responsive skins is rooted in a component level approach. The idea presupposes that every point on a 
building is singular and that a building's performance can be optimized if each component is adapted to 
its unique position or circumstance. As product manufacturing and digital technology become more 
integrated, architects are able to realize these ambitions and have begun to imagine buildings that react 
to aesthetic, programmatic, environmental, and social conditions in a much more localized way than was 
previously possible. The DeYoung Museum by Herzog and De Meuron, clad in over 8000 uniquely 
perforated and embossed panels, clearly demonstrates an emerging manufacturing capacity to mass 
produce repetitive building components with unique attributes. Zaragoza Bridge designed by Zaha Hadid 
Architects incorporates 29,000 uniquely shaped and colored fiber cement panels to create the effect of 
the shimmering exterior (figure 1). "Zaragoza Bridge shows that 29,000 different triangular forms with 
accurately defined radiants can be manufactured industrially" claims Wolfgang Rieder, CEO of the panel 
manufacturer Fibre C [source].  

 

Figure 1. Fibre C panels on the Zaragoza Bridge and Pavilion 
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Custom fritted patterns and supergraphics on glass are further evidence of relevant advancements made 
in fabrication and manufacturing and have already become common design features on many new 
buildings. Most major glass manufacturers including Valspar and PPG are readily capable of 
incorporating such customization into their production process and provide these services at competitive 
costs. Zahner, a company that began as an architectural and ornamental metal shop, has built upon 
years of experience working with the highly sculpted forms of Frank Gehry and now offers engineering, 
fabrication, and installation services that relate to large assemblies of unique components. Along with 
digitally generated perforations and embossing, Zahner's shop is accustomed to variations in panel size 
and shape and has engineered systems to efficiently fasten these panels to irregular surfaces. 
Manufacturers such as FibreC, 3Form and Lafarge (Ductal) have all demonstrated similar capabilities with 
GFRC, resin and concrete based panels. It is in this context of rapidly evolving manufacturing, fabrication 
and construction capacity that this investigation into methods of designing and manipulating arrays of 
unique components becomes not only relevant but necessary. 

 

Figure 2. YJP Administrative Center located in Tianjin, China by HHD‐FUN Architects features a metal panel screen that 
modifies glazing porosity based on the functions housed within. 

 

Figure 3. The seemingly complex screen of the YJP Administrative Center is constructed using only 6 panels types. 
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Figure 4. Custom fabricated aluminum clad panels are installed on the Gehry EMP museum in Seattle 

 

II.B The Problem  

As we begin to work with complex arrays of unique building components, it has become apparent that the 
process of easily manipulating and controlling these systems is extremely underdeveloped. Traditional 
modeling techniques require users to edit unique geometry on a piece by piece basis. Fundamentally, this 
is also the case for parametrically controlled elements within software such as 3DStudioMax and Revit. 
While arrays of these objects can be manipulated globally, unique conditions still require per component 
entry. For example, the spacing and size of all mullions on a Revit curtain wall system can be easily 
controlled via parameters in the objects properties, however to create a series of mullions that vary in 
depth depending on orientation, one would have to edit the type attribute one panel at a time. In a studio 
environment where working with a multitude of design iterations is an integral part of the design method, 
the tedious process of modifying hundreds of individual components is not feasible. Instead, rule based 
relationships need to be established that can control the outcome of each unique component in a system 
automatically . Working with these systems is what is referred to throughout this proposal as advanced 
parametric or logic based modeling. There are several general strategies by which a designer can set up 
and manipulate a logic based system of components: custom scripting, either in a native software 
language such as MayaMEL or a standalone application; visual scripting using tools like Grasshopper or 
ParaCloud Modeler; and adapting preprogrammed functions in animation packages like Maya and 
3DStudio Max to suit the desired outcome. Through a synthesized design process that focuses on the 
development of several responsive building skins we hope to gain a better understanding of the tools 
available for working with logic based geometry, the strengths of these tools and their shortcomings. More 
specifically, we will explore three modeling packages currently in use by the firm: Revit, Rhino, and 
3dStudio Max while looking for ways of leveraging or extending existing functionality using scripting or 
supplemental applications such as Grasshopper and ParaCloud.  

III. Hypothesis 

If we simulate the Yazdani Studio iterative design process, directing our focus on a series of responsive 
building skins, [then] we would start to build a knowledgebase of how to best optimize 
environmental/social performance through per panel customization. In the process, we would gain a 
better understanding of the tools and methods required to best study these systems; whether the firm is 
properly equipped to deal with the technical challenges presented by these complex arrays; and which 
tools we may want to further investigate or invest in to increase our capacity to study and analyze design 
options 

2/15/2011    3 
 



IV. Benefits 

The proposed research would advance our architectural knowledge base in developing responsive 
building skins and the technical skills required to design and analyze these systems. Simply put, through 
simulation of the design process and rigorous data analysis, we can begin to build a body of knowledge of 
what works and what doesn't when dealing with per panel customization. The simulation will be 
documented step by step so that other designers could use the research to assist them in choosing a 
toolset and appropriate workflow necessary to study a given behavior. It could save hundreds of hours of 
redundant experimentation throughout the firm and allow teams to consider relevant factors in selecting a 
methodology tailored to handle a specific challenge. Not only will the resulting research allow designers to 
optimize production, but it will also connect them to tools that can analyze the performance of these 
responsive systems, quantifying benefits and helping to justify cost.  

Along with this technical know-how, performance analysis data produced by this research will provide a 
valuable empirically based tool for designer to compare systems or methods and select a strategy that is 
project appropriate.  It is important to note that the intention of this research is not to create a 
comprehensive survey of all available software or to prescribe a process for working with arrays of unique 
components. Rather, by simulating the design process and narrowing the focus to responsive skins, we 
intend to build a strong foundation for other designers firm wide interested in working with these systems 
and establish a platform for further experimentation and research on this topic.  

 

V. Literature Review 

There has been a growing number of conceptual and built projects that have experimented with building 
envelopes that respond in a localized way to various design criteria (light, air flow, program ext.). While 
these projects are widely published, the methods by which they were developed are only discussed on 
superficial level. For this reason, the documentation produced by this study will be among the first of its 
kind. There will also be a parallel effort to search for and review any available published literature on the 
research topic. 

VI. Research Methodology 

Due to the broad nature of the topic we propose to study, the investigation will take a diagnostic 
approach. We hope to undertake a type of reconnaissance into building skins that respond to 
environmental or social influences via component variation. The research will be carried out through a 
series of quasi-experiments that measure both the effectiveness of a particular response and the tools 
used in the process. The goal is to quickly build the type of knowledgebase on this topic that would 
normally be gained through the course of several projects over an extended period time. To this end, it is 
important that our experiments be conducted in a natural design setting subject to the same conceptual, 
aesthetic, or intuitive influences present in any design process.  

The experiment will be structured following the four step process illustrated in figure 5 below. These steps 
are: 1, conceptual design; 2, development of parametric or logic based models; 3, "flexing" the system 
and analyzing performance; 4, generating output for manufacturing and physical simulations.  
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Figure 5. Diagram outlining the proposed research methodology 

Initially, in an effort to simulate a natural design environment, the team engages in a conceptual design 
exercise that studies various abstract approaches to enclosing a structure. Ideas for these enclosures or 
skins can draw inspiration from any of the areas that typically influence the design process, such as 
function, environment, art, culture, science, et cetera. The results are vetted for their potential for variation 
and responsiveness and 4 - 6 schemes are selected for further investigation. 

In the second phase, digital models are generated using various logic based modeling techniques in one 
of three commonly-used, firm-wide modeling packages: Revit, Rhino or 3DStudioMax. While a single idea 
may be tested in multiple software packages, it is not the intent to systematically examine each tool. 
Rather, we will rely on previous experience to pair skin concepts with appropriate tools allowing us to 
broaden our research and delve more deeply into uncharted territory. As 3d models are developed, 
parameters are strategically implemented to allow the system to respond to one or multiple architectural 
drivers either inherent or suited to the skin concept. These drivers, or forces of influence, can be both 
socially and/or environmentally based and include factors such as access to natural light, natural 
ventilation, reduction of heat gain, views and privacy. A diverse set of influences is preferred since our 
research is diagnostic by nature and favors breadth over thoroughness.  

The third step involves manipulating results by testing a range of inputs or "flexing" the system we've 
created and gathering data from analysis tools such as Autodesk Ecotect. The process of flexing the 
model will allow us to determine the range of inputs and outputs that are possible for a given system. 
Each of the digital models will have inherent limitations as a result of the software being used and the 
method by which they are created. Some models will be unable to satisfy architectural or performance 
criteria established in the design phase and may need to be rebuilt using alternate methods. We may also 
determine that a limitation is software related and investigate methods such the use of scripts or plugins 
to extend functionality. Alternately, we may determine that the tool is inappropriate for the task and move 
on. Whenever possible, we will employ data analysis tools to measure system performance. These 
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results will in turn inform parametric inputs either automatically, via an intelligent link between the analysis 
and modeling tool, or through manual input. The process is then repeated until the model is optimized.    

In the final step we will test our capacity to rationalize the systems, output files for manufacturing, and 
create physical models and simulations. The term rationalization, in this context, refers to the 
simplification or optimization of an array of components in order to maximize efficiency in production by 
creating repetitive parts. For example, GFRC panels on the Toledo Courthouse where designed to vary in 
width based on a distance relationship between the panel and a series of hypothetical points in space as 
illustrated in figure 6 below. This relationship results in a unique width for each panel. To simplify the 
production and reduce costs of the assembly, the system was rationalized by rounding panel widths to 
the nearest foot. This leaves the skin with the visual and performative characteristics intended but 
simplifies the system to just 4 unique components. While rationalization may not be as critical for 
manufacturing that is CNC driven, it can prove essential for mold oriented processes such as precast and 
fiber reinforced concrete. Communicating and translating these complex data sets into production friendly 
digital files and documents will present another technical challenge that we hope to learn more about. 
Some tools such as Rhino and ParaCloud GEM (figure 7) readily arrange and catalogue components on 
sheets for cutting while others will require work-arounds or may not be suitable for this purpose. The team 
will leverage this same functionality to build mock-ups of the system. Where appropriate, we will attempt 
to build physical models with moving parts controlled by an open-source electronics prototyping platform 
called Arduino (figure 8). This will allow us to test a range of options and perform simulations in a physical 
environment. 

The four step methodology described above is intended to follow a typical design process while 
simulating a wide variety of technical challenges that may present themselves in everyday practice. 
Through these steps we hope to gain a general understanding of buildings skins that respond to their 
context on a component level and the tools and methods used to study, analyze, and document these 
systems.  

As a final product, the team will produce a comprehensive research paper that documents process and 
results. The entire project will also be documented in blog format as the research progresses. Content will  
include pertinent imagery, video, and data. Custom scripting produced to enhance interoperability 
between programs or extend tools will be posted to the blog and shared with the firm at large along with 
any relevant instructional information. Finally, physical simulations, models and mockups may be 
produced to test systems in a physical environment.     
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Figure 6. An expression controller is used on the facade of the Toledo courthouse to allow the design team to modify an 
array of panel sizes by adjusting the location point objects in the scene.  

  

Figure 7. Components are unfolded, documented and 3d printed using ParaCloud GEM 
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Figure 8. Arduino computer to prototype interface device. 
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